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The Annual Business Meeting followed this 
luncheon at the 7th SPE Conference held at 
the Statler, January 18, 1951, New York City 
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COMMITTEE 61 ON PLASTICS 
INTERNATIONAL ORGANIZATION OF 
STANDARDIZATION 


The National Office is very happy to report that Mr 
A. J. Warner, past president of the Newark Chapter will 
represent S. P. E. on a subcommittee now being organized 
to supervise participation by American Industry and tech 
nology in the work of a committee of the International 
Organization for Standardization of Plastics. 

This is known as ISO TC 61. The scope of ISO TC 61 
has not been definitely set, however, when American pat 
ticipation was agreed upon, it was decided on the basis 
that the scope would be limited, for at least an initial 
period, to the standardization of terms and test methods 
and this limitation has not met with objections from the 
standards bodies and other countries, up to the present 
time 

On the subcommittee with Mr. A. J. Warner, there 
will be representatives from the Manufacturing Chemists 
Association, the Society of the Plastics Industry and the 
ASTM Committee D-20 on Plastics 

The Seventh Annual Technical Conference at the Hotel 
Statler in New York City was a tremendous success. The 
Conference Committee did an excellent job and the women 
are still talking about the wonderful time they had in New 
York, thanks to Saul Blitz who was in charge of the 
Ladies Program. Just try and keep the gals away from 


our next annual conference. 
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We are interested in possible sources for machinery 
for polishing plastics such as Vinylite, after printing. If 
you could put us in touch with someone making such 
machines we would be grateful. 

Sincerely yours, 


THE JOHN WILKES PRESS LIMITED 


WANTED! The address of a manufacturer of slitting or 
shredding machine to slit 0.010 inch polyethylene 1 32 inch 
wide, 4 inches or longer. Write Box 2C, SPE JOURNAL, 
109 Security Bank Bldg., Athens, Ohio. 





Position Wanted 


Reinforced products, molded, laminated, contact, pressure; 
extrusion processing, fabrication, wire covering; develop 
ment, production, project engineering, Full particulars will 
be sent upon request to SPE JOURNAL, 409 Security 
sank Building, Athens, Ohio. 
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‘ the veuthermat cor pired te 
ree the big ge st yet, with 
rry Spring like veathe prevailing 


d it up best by saving “re 
erence Vas a ack i SUCCESS by 
port of the members, and their 


ration was well over eight 
indred and there was an average 
ndance if 200 to 400 members at 
f the technica sessions. Fur 
ipport was gained through the 
pat registrations 


Officers 
Ihe nationa Sh} Tice elected 
1951 were Islyvn Thomas, Pres 
dent Walter ©O Bracken, Vice res 
lent Walter | Ociman, Secretary; 
ind William J. Dunneiar lreasure) 


| ! Thomas, Newark Section, ts 

1 graduate of Johnson Teel School, 
PTL, University of Seranton and 
Columbia University. He is president 
f Thoma Manufacturing Co., and 


ce-pre dent of Thoma Eenginee 


{ 

William O. Bracker Philadelphia 
ectior a member of the plastics 
chnieca ervice division of Hercules 
Powder Co. Hé graduated from Tufts 
College in Chemical Engineering, and 

i member of ACS and SPI 

Walter | Oelman, Miami Valley 
section, ha degree fron the Uni 
ersity of Illinois and the Harvard 
Busine School. He became secretary 


f Standard Molding Corp. in 1941 
ind I 1942 was appointed to his 
present position as vice-president and 
renera: manage 

W am J. Dunnican, Rhode Island 
nad itheastern Massachusetts Sec 


ike the Seventh SPE Technical 


Todd Clark, retiring president, 


ndance at the technica essions.” 


NATIONAL OFFICERS 





1951 SPE National Officers: Walter Oelman 


Islyn Thomas, President; William Dunnican, Treasurer 


tion, served as vice-president of SPI 
in 1949. He started in the plastics 
ndustry with Garfield Mfg. Co. ir 
1918 working in the engineering de 
partment. He is now Sales and Tech 
nical Representative for Synvar Corp 
ol molding compounds, ndustria 
gs and adhesives. He 
he national SPE con 


mittees o1 members} pm, credentials, 


resins, coat 


has served 


finance and by-laws 


Technical Papers 

Of the more than 20 papers pre 
sented at the Conference, most are 
printed in this issue of the Journal 
Some of the papers were not avail 
able at press time, and the prize pap 
ers are scheduled for publication next 
month 


National Committees 

Committee reports wil be printed 
next month, too, but we can peek 
nto that issue now long enough to 


see that a sharp increase in the work 


THE SPEAKER'S TABLE 


Secretary; William O. Bracken, Vice-P 





Report on the 7th SPE Technical Conference- 


New York City, January |8-20 


ot the Professiona Act Lie 


mittee s coming up, and 





Education group has acl 


ders. More, late) 
Ladies’ Program 


The Ladies prograt a at 
‘second breakfast’ and styl 
Altman’s and a guided tour t mat 
Rockefeller Center and Rad 
and access to tickets 


television shows 


Conference Committee 
The Conference ¢ ommittes 


above deserves the gyratitud 
SPE Their ve ry considerab 


gave us the best of meeting 
James Growley and Stank 
man, co-chairmar if the C 
Committee, are to be cong 
for a big job very well done 


Looking Ahead 


Plans for the &8th SPE ¢ 


are well under way. It is t 


7 


January 15 





The Speaker's Table at the Luncheon—Standing are James Growley, H. V. Potter, Walter Oelman and William Dunnican. Seat 


Bindman. Frank Carman. C. Todd Clark. Islyn 


} 





Thomas, Bess Day and William Bracken 








THE 1951 TECHNICAL CONFERENCE COMMITTEE 





These are the men responsible for the outstanding success of the SPE 7th Annual Technical Conference 


eft to right): G. Palmer Humphrey, G. P. Humphrey Plastics (Company Registration): Bruno E. Wessinger, Wess Plastic Molds 
Reservations & Registration); James T. Growley, Celanese Corp. of America (Co-Chairman): Stanley Bindman, Jamison Plastics 
o-Chairman); Arthur S. Jacobs, Renwal Mfg. Co., (Program); Dr. Russell B. Akin, E. |. du Pont de Nemours & Co., Inc 


Ey tive Committee): and Sau! Blitz, Noma Electric Corp., (Ladies Program) 


tanding (left to right): J. Martyn Voegtlen, Celanese Corp. of America, (House, Luncheon & Banquet); Edward W. Rowan, Dillon-Beck 
Mig (Speakers); Arthur M. Merrill, India Rubber World, (Publicity); Samuel Silberkraus, Riverdale Laboratory, (Executive Com 
mittee & Finance-Budget); William Lewi, Dusal Tool & Mold Co. (Treasurer Arthur L. GeWertz, manufacturers representative (Infor 
mation}: E. Kirby Preston, Koppers Co., Inc., (Reception): and Harold Schwartz, Empire Brushes, Inc., (Favors and Prizes) 

Shown: Willard M. Preston, Koppers Co., Inc., (Secretary 


Beach Hotel in Chicago. Jack such special sessions may be (1) a The first is of interest to research 
Tennessee Eastman is chair presentatio1 of papers of dealing men and chemists, while the second 
this Conference Committee with the chemistry and physics of has special significance for educators, 
may include sessions o1 plastics materials, and (2) a present iniversities and technical schools, and 
pies to be held concurrently ation of papers or a round-table dis to employers, as well as students 
presentation of the regula: cussion on optimum educational pre looking forward to a career in plast 
It has been suggested that paratior for plastics engineering es engineering 







THE TECHNICAL SESSIONS WERE WELL ATTENDED 
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vith preplasticizers. Not} 

THE . hi ore promise for getting 
mepec ton costs down than pre-plastic 

in general, as far as we have 

day, the method has certain 

MOLDERSCOPE imitations, It is certainly s; 

but it seems to be harder 


BY A. R. MORSE duce “good parts.” This is du 


Injection Molder’s Supply Co. to inexperience in handling 
tic, and will be overcome. The 
Thi the second sample column of HPM used a plate type cooler—and plunger pressure is not neede 
possible monthly feature. lf wou cool oil is a must on the HPM. The same scale, but I think they 
vould like to see it continued write new machine features a Ross Cooler, made up for the lower pres 
the editer of the SPE Journal. The and the molder does not have to add and that as injection pressure go 
aDicetatn call ad cueBieiieils elt dn another cooler or revamp the circuit down, injection speed is going 
sotion culling eitahines omeen to keep the machine running. The ma- to go up to compensate. 
CO Ne chine has been quieted down and thermoplastics at elevated 
speeded up. And most important it tures requires exacting contr 
features one of the longest heaters more of them. When we get preplast 
This month: Machinery ever made by HPM in relation to the cizing on a big scale, the heats 
Oe re Salinas ~~ ene machine size. The collar type nozzle be loaded with controls, and provis 
which have been running deep into gives a good account of itself. I would for cooling will be used so 
the second quarter of 51 are easier. rate this machine tops in its class must be. You can make the pres 
Molders are glad to accept postpone from what progressive molders Sa\ machines with  preplasticize: 
nent in some cases, and a phone call Credit George Kelly of b, olumbus today—but it takes work, rea 
to the right individual at the machin Plastic Products a Se af the geet to get everything in balance 
ery company will get you a machine ideas on this successful machine. ment-wise molders are watcl 
cintetens that, ten coleman ten tend Phere are complaints that one lead- process, but few are tumbling 
ou to believe. However, there are not ing manufacturer of smaller size as they are able to compare pr 
a cemreietions on wietiens: tno (8-12 oz) machines is shipping the tion of “good parts” on conv 
that priorities will NOT be forth machines out with parts missing. Mol machines with the same on prej 
coming for additional injection ma ders get an invoice for $15,000 plus ticizers and most of them find gr 
chimes tm euads of 6 eeale Gon. dollars and a machine they can’t run for postponing the step at the 
because vital parts are back-ordered time. 


Manufacturers are already having - 
and from comments one hears in the 


trade, they don’t like it. Injection 
molders just don’t have the kind of 
operation that can stand having an 
nye in ovens ~ reviving, a 
idle machine, as they wait to order D& WH » Glee whe 
} “x oppe e ( 
till they have the machine booked, and PI 


their hands full getting together all The material picture remains 


the necessary parts to make a con ed with more acetate being 
plete machine (see below). However, 
the acute material shortage, and the 


tact that molders are tying up a great 


than for a long time. Interest dr 


deal of money in material, — plus spreader reaching down ins 
: they want it to run when it gets 
greatly increased injection machine ; hopper to carry hot air into t! 
L : there. We all know cases where the 
Cc costs have all combined to make in terial is doing a good job or 
machine has been running in 4-S nite. 
ection machines somewhat easier to , - dual machines. All German n 
% ' , hours after it arrives in town. They , 
yet—if vou can get hold of the right . . used this method of drying n 
also say the manufacturer is slow 
party . and the observers who visite 
¢ about getting the parts installed Ger i: jadi Sion: en tein 
> . > re ‘ ' ) ; erman mantSsS a 4 t ‘ i 
4 Injection molders have known that asks them to do it themselves, and one ; ted t} t : 
t 6 oO ’ Bg , . : mente on the absence of 
\ he | z. HPM machine was a very gathers they don’t like to finish build : al the & P 
: wor fourth , : 4 md: - equipment, anc ie se 0 
: I fourth in the trade, But today ing the machines themselves either. , : , > 4} 
; the ime machine ties for first place blown in at the base of the 
| { t «doe not hold it How come” Pre-Plasticizing: instead. One leading west coa 
4 Here we see what a company can do Nothing is more talked about than er used this method for years | 
vith a piece of injection equipment pre-plasticizing but one can’t help commercial model became a 
ft they can overcome some of the observing that it is the conventional The big trick in using the | 
nertia which characterizes most ir machines that are making the money Preheater is to keep the 
ection machine makers. For years even in plants with machines equipped (Continued on page 40 





MOLD DESIGNS 
LARGE MOLDS, SMALL MOLDS OR IN-BETWEEN 


PRODUCT DESIGN 
FOR BEST USE OF PLASTICS 


CONSULTATION 


“A Consulting Engineer is a Good 
Investment’’ (Chem. Eng.—Aug., 1950) 


DEVELOPMENTAL and SHORT RUN MOLDING YOUR estre hand 
P. O. BOX 55 FT. WAYNE, IND. Ph. A-59884 os 


Let US Be 

















SPE Journal, FEBRt 








(now 


| Low Power Factor 





FOR ELECTRICAL INSULATION PARTS REQUIRING 


| Low Loss Factor 
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| High Resistivity 





| Dimensional Stability 


| Low Water Absorption 








Choose BAKELITE “Low-Loss” Phenolic Molding Materials 


The BAKELITE line of plastics contains a group 
of Phenolic materials developed expressly for dif- 
ficult electrical insulating jobs. These superior 
materials offer custom molders and product de- 
signers the needed properties, electrical and me- 
chanical, for communications equipment, marine 
electrical parts, and automotive applications. 


RANGES OF VALUES 
FROM ELECTRICAL TESTS 


Dielectric Strength (D149-44) 


S/T “e”", volts/mil 300-400 
Dielectric Strength (D149-44) 
S/S Ye", volts/mil 250-350 
Volume Resistivity 
(D257-46), meg.-cms. 106-108 
Dielectric Constant (D150-47T) 
60 cycles 4.8-6.5 
1,000 cycles 4.6-5.5 
1,000,000 cycles 4.5-5.2 
Power Factor (D150-47T) 
60 cycles 0.01-0.07 
1,000 cycles 0.006-0.05 
1,000,000 cycles 0.005-0.02 
Loss Factor (D150-47T) 
60 cycles 0.05-0.46 
1,000 cycles 0.03-0.28 
1,000,000 cycles 0.02-0.10 


RANGES OF VALUES 

FROM MECHANICAL TESTS 

Compressive Strength (D695-44), 15,000 to 
24,000 psi. Tensile Strength (D651-48) ('3"), 
5,000 to 7,000 psi. Flexural Strength (D790-45T), 
9,000 to 12,000 psi. Modulus of Elasticity in Flex- 
ure (D790-45T), 25-35 x 10° psi. 


RANGES OF VALUES 
FROM MISCELLANEOUS TESTS 


Other property ranges of BAKELITE “Low Loss” 
Phenolics are as follows: Molded specific gravity, 
1.66 to 1.92; thermal coefficient of expansion, lin- 
ar per deg. C. (D696-44), 2 x 10°°; heat distor- 
ion temperature (D648-45T), 230-350 deg. F.; 
vater absorption (D570-42), per cent gain in 
eight, 0.01-0.07. 

Address inquiries to Dept. BR-43. 


BM—262 NATURAL “LOW LOSS” MATERIAL 


Properly molded, it is the top quality 
low-loss phenolic. Requires greater 
care in molding than other low-loss 
materials. Supplied on a “made to or- 
der” basis at slightly higher cost than 
the other materials. 

Typical uses: Parts for radio receiv- 
ers and amplifiers, electronic condens- 
ers, audio oscillators, signal generators. 











Rec ded to iders and manufac- 
turers desiring approval under MIL-P-14A 















BM—16981 NATURAL “LOW LOSS” MATERIAL 


Has exceptionally good electrical 
properties which are retained under 
moist service conditions. Easier to 
mold than BM-262, and somewhat 
lower in cost. 

Typical uses: Electronic capacitors, 
resistors, and parts for radio, radar, 
X-ray and similar equipment. 








R ded to iders and manufac- 


turers desiring approval under MIL-P-14A 














The black counterpart of this material 
is BM-17080. 


BM—17748 NATURAL “LOW LOSS” MATERIAL 


Has greater moldability than either 
BM-16981 or BM-262. Good electri- 
cal properties under moist service con- 
ditions. More stable dimensional y 
than most phenolic molding materials. 


Typical uses: Coil forms, vacuum 
tube bases, condenser housings and re- 
sistors. 











R ded to iders and fac- 
turers desiring approval under MIL-P-14A 











BM—13017 NATURAL “LOW LOSS” MATERIAL 


Has greatest moldability of all mate- 
rials in the “low loss” group. Has ex- 
cellent electrical insulating properties 
in general, although not intended for 
high frequency service. Highly resist- 
ant to moisture. Dimensionally stable. 

Typical uses: For less exacting elec- 
trical service such as automotive igni- 
tion parts and various types of resis- 


- BAKELITE 


Phenolic 
PLASTICS 





BAKELITE DIVISION 
Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 
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EDUCATION SYMPOSIUM IS LIVELY 
TOPIC AT MIDWEST SECTION 
By FRED G. WEHMER 


The Upper Midwest has two 
the members of the national educa 


We asked 


sectior 


il committee in its area 

for the privilege of discussing plas 
tics education and Mr. Holtby and the 

ter attended the section meeting 
nel ! November 13, 1950 at Ess 
ngers Cafe in St. Paul. The meeting 
vas a regular dinner meeting and Mr 
Ds Plumb of Monsanto was the 

il! peaker 

Our part of the program consisted 
of hort history of the education 
committee and we told the group of 
the committee’s recommendations. The 
neeting was thrown open to discus 
on and a very lively discussion re 
ulted, in which most of the people 
ttending took part 


lhere was considerable daisScussior 


the subject of early specialization 
ind it was the consensus that the 
teaching of basic science courses was 

be preferred. One gentleman felt 
that the best way to obtain a knowl 
edge f plastics was to have the stu 
dent vork at some plasti manutac 
turer’s plant while going to a school, 
operating on the cooperative basis 
Others were as sure that this ap 
proach was wrong. It was felt that a 


tudent would do well to get into 
ummer work in plastics to acquaint 
himself with industry and with the 


aspects of plast ics 


students 


practical 
\ number of were present 


material 


ind they felt that the raw 
ide was neglected. Several people felt 
that this knowledge of raw materials 


lacking in recent graduates It 
noted that the 


does provide for in 


Was 
hould be recommended 
course of study 
formation on raw materials during a 
tudent’s 

One of the students felt that he had 
learned a lot from trips whicl 
irranged for them. As he put it, 


the things learned in school had more 


senior year, 


plant 


vere 


neaning when he found they could be 


applied in industry. It seemed t 


oOo vb 


e 


the feeling that if plant trips could be 


definite 
with 


they had 
student 
operations 


arranged 
orienting a 


some of the being 


the plastics industry. 
One gentleman asked if 
engineer should be trained in mec 


ical or chemical engineering. It 


regard t 
used 


har 


value in 


a plastics 


Was 


agreed that this would depend on the 


somewhat on 


Anyone 


also 
the 
de Sigt 


school and 


clination of man. 


work 


engineering. 


ested lt would 
mechanical 
felt that it would be difficult to se 
hard and fast 
were different in each 

We left the 
ing that the Twin City 
that the work of the 


worthwhile and they 


stress 

rules since 

school. 
with 


meeting the 


committee 


the in- 
inter- 


no doubt 


We 
‘t uy 


Tee 


conditions 


Section agreed 


Was 


conclusions we had reached. In view 
of the lively discussion, we also felt 
that the time devoted to Education 
as well worthwhile. 

It should be noted that the meet- 
ing was relatively small and the ap 
proach to the subject was very in- 
formal. We feel that a large section 
meeting would have to be organized 


with a panel of speakers to discuss 
the subject The meeting should be 
thrown open for discussion with a 
member of the committee present to 


Students 
meetings 


questions. 
invited to the 
get their viewpoints. 


TOLEDO ELECTS 
NEW OFFICERS 
By E. H. JOHNSON 


the evening of 
Mr. J. M. Little 
nounced the election of the 
the 1951. 


answel 
ord 


Ata 


cember 21, 


meeting 
1950, 


officers for year 


should be 


r te 


Ly 


follow Ing 


President, Eric Kohler, K & M Ma- 


Vice President, W. 


chine Co.; 


agreed with the 


) 





Illinois Glass ¢ 
K & M Ma 
Rosenberger 


more, Owens 


tary, D. Bowlin, 
lreasurer, Ff 

Division, Libbey Owens F 
Company; National Directo 


ham, Owens I Glass (| 


The 


fortunate lr 


nos 


Toledo Section membe 


having the ab 


men as officers for all have 


eral years 


' experience iv the 
tration of S.P.E 


It is of interest also to 1 
the background of the ne 
and how their background 
the plastic’s picture 

Mr. Eric Kohler, known as 
President of the K & M Macl 
pany, specialists in the des 
production of plastic molds 

Mr. W. Fillmore, or just p 
has been active in the manuf 
plastic parts for Owens IIlin 
Company 

Mr. D. Bowlin, Don for s| 


been active in the design of 


producing plastic parts. 


Mr. F. Rosenberger, Rosie t 
friends, is material mar 
with Plaskor 


Mr. R. Dunham, Bob, is iu 


ment of plastics for Owens 
Glass Compan) 

The first meeting of the 
vas held at 8:00 p.m., the 


January 9, 1951, at the Clu 


of The Owens Illinois Glass 
Dorr Street Refreshment 
served 

The spe aker of the ever 
Mr. John Totten of the Ford 


{ompany. 


Mr. Totten is a graduate 


University, receiving degre 
Chemical Engineering and | 
Management 

For the last ter vears \l 
has been with Ford Motor 
been active In research and 
ment determining where an 


; 


plastics can be used on aut 
Because of the practical exper 
back of Mr. Totten he 
s qualified to discuss the su 
selected, “Plastic Materials f 
Manufacture.” 


most 


motive 








Always specify... 


PLASTICS 
GRINDERS 


with cap. of 50 to 3,000 
pounds per hour 


BALL & JEWELL, INC. 


. 20 Franklin Street, Brooklyn 22, New York 
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1e Plastics Industry in Great Britain 


Chairn an ane 


By HOWARD V. POTTER 


Vanag nog Director, Bakelite, 


Ltd 


British plans for future expansion, the prese nt state of the plastics 


industry in Britain, and a discussion of the 


izations including the 


the war, plastics materials 
eloped almost entirely fo 
In Great Britain practically 
astic materials manufactured 
entrated on war productior 
1 careful control of raw ma 
s Was assured. 
to the scarcity of many basi 
; in view of the war’s large 
yn. such as wood, metals, 
necessity to expand the pro 
all munitions of war, plas 
¢ pressed into service tor 


pplications which in the no 


vould not occur. 
these heavy demands, extra 
d equipment were authorized 
alled, and steps were taken 
v certain of the equipment 
ze the risk of damage by 
tion, with the result the end 


ir and cancellations of wat 


ts found us with equipment 
that required for the immed 


ind until new uses could be 


ndustry was faced with a ma 


em of finding peacetime ap 
s to replace the wartime uses, 
vere helped by a demand for 


ng available due to the lack 


of most consume} articles 


e Wal 


ther reason which put us 1 


i? 


n of be ing able to sell any 
is the very substantial sav 
had been accumulated in the 
the people which they felt, 
or wrongly, they were en 
spend. 
vas the sequence of all this? 
as the plastics engineers 
gn any article of a domestic 
d get the tools made, de 
ne along to the moulders o1 
rs for anything plastic. It 
ippealing name—it was the 
ige, so let’s get it. 


insuitable articles of poo 


ind shoddy production were 


1 sold; one cannot name any 
branch of the 
would buy anything, so why 
It was a very short-sighted 
that the immediate end-of 
p only lasted a few months. 
s’ market, as far as plastics 


; 


industry; 


erned, was upon us, and i 
about mid-summer 1948. 
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Howard V. Potter 


The non-ferrous metal position be 
mprove and aluminium and 
ght metal alloys came into their own 
again and plastics ceased to be a sub 
stitute for many products during and 
just after the War 


Quite a serious situation arose with 


the unpleasant falling off of demand, 


not only at home but for export 

On top of this the public becam« 
more discriminating and began to re 
ject plastics as cheap and_= shoddy 


wing te the experience during the 
pe st-wal boon . C)ine hear j n stores, 


on the street, and talking to friends 


‘Il had a plastic showerproof, coat 


torn badly round 
he stitching’—“It has faded so badly 
n the sun that I have discarded it.” 
“The moulded cup and saucer I bought 
recently has stained, broken or dis 
integrated.” No wonder the publi 
irning against us 


oO curtain it Nas 


vere tt 

The slun p in business was followed 
by the slump in profits and in some 
cases accounts went into the red. The 
Stock Market and fi 


took note of this and began writing 


ancial papers 


down plastics investments. A well 
known Sunday paper used the head 
nes—“*The Plastic Bubble 
Mr. Churchill himself when he 
end in sight advised 
making its plans 


Bursts.” 


( vuld see the 
ndustry to begin 
for peacetime as al war contracts 
night sudder iV er d. Some of the con 
erns in our industry took this ad 


Vice and plans vere made to bridge 


Worshiptul Company oT Horne ge 


arious actiie plastics organ- 


over the nevitable changes. Those 
that did were able to weather the 
storm. 

There is one feature as a result of 
the war which faced British industry 
shen it was over Every concern of 
iny value to the war effort, either 
did of its own accord or was com 
pelled to make arrangements to dis 
activities in order to reduce 
the risk of bombing. My own Com 
pany had to disperse in four different 


’ r 
perse 1 


production centers, about 100 miles 
apart Its offices were dispe rsed Into 
four different places, leaving only a 
skeleton staff in London. Our technical 
service men operated from their ow! 
hemes so that they were never con 
centrated together. 

Industry was faced with a problen 
of carrying on until reassembly it 
their proper quarters could take place 
This added a tremendous burden on 
top of planning for peacetime produ 
or 

The plastics material manufactur 
ers, not making a component or fin 
shed article had to wait on the mould 
ng and fabricating end of our in 
dustry to effect the change-ove) The 
material manufacturers out of then 


own interest, gave great assistance in 
tiding over this change 

The slump period remained with us 
vell into 1949. During the intervening 
period, some of those who had come 
mto the industry during the war by 
the encouragement of the Government 
department and also those who joined 
the ndustry during ct post-wal 
boom, fell by the way. 

The industry was quick to realize 
the situation and in consequence di 
signers were called in to improve de 
sign of articles. New and more suit 
able products were produced. In con 
sequence the industry has climbed 
back on to a sounder footing and by 
dropping applications which are bet 
ter made in other materials, we got 
back to the basis of asking ourselves 
why should this be made in plas 


> 
CS. 


t 

The thermosetting moulding side of 
the industry is not yet back to its 
full capacity, owing now to the short 
age of some basic raw materials, but 


generally speaking, with the newer 
plastics now available—vinyl, poly 


Nip ‘ 


aad 


i~ 


am J 


14h Srpodt Lye LER \M aes 


e— ete 





arket The rearmament nm vou! 
has materially affected sup 
ome raw materials for ou 

tr vith the result supplies are 
t and it would appear as if cor 
ible curtailment of available sup 


ir own rearmament program 


6 “a f the stage : se for re 


and all the d 


mance of industry it entails 


tion of contro 
1 are vell aware that in col 
ce of the war most countri 
prone self-contained mad,” and 
re no exception. In England every 
rt being made to try to safe 
d our basic raw materials where 
the chemical 


an and tn nelude 





RAW MATERIALS 


Take a few of the basic material 


as an example. Phenol sritain has 
ivs been a producer of natural 
pheno It uses gas extensively lo 
ndustry and for illumination and with 
t teel productivity and many large 


plants, it has large re 
murces of coal tal fron which it 
The produ 


Core ove! 
produces natural phenol 

nm figures of gas and coke over ta 
phenol run about 13,000 long tons pet 
annum. This, however, is insufficient 
to meet the demands of industry as 
Which is likely to require 


TOO to 25.000 tons or even more pe 


at vhole 


annum, in the near future 


The difference between natural phe 
nol and total required has been met 
n the past from a small 4,000 ton 
per annum synthetic plant and in 
portation of the balance 


The future will now be taken care 


of from two new = synthetic phenol 


plants, one of which will soon be in 
operation, the other early in 1952, so 


reese roar AT 


that Great Britain should be self-con 
tained and possibly have a= surplus 
for export later on 
It fortunate that the production 
of benzol which runs at about 378,100 
tor (850 million Ibs.) (96 million 
mperial gallons) annually is adequate 
tuke care of the phenol require 
ent (Only 1% million imperial gal 
! used for plastics) 
Formaldehyde which dependant 
nethanol is made in adequate quat 
ties in Great Britain; if more is re 
quired there is no great difficulty in 
viding to the plant 
Methanol is made 


(;reat Britain fron 


synthetically in 
carbon monoxide 
ind hydrogen and can be augmented 
th the addition of further 
Woodflou not an indigenous pro 
duct to our country; the best is in 


plant 


ported from Seandinavia. It cannot 
produced in Great Britain in 


itficient quantities AS We nave nat 





plastics will arise in 1951. 





Cotto nters is another commod 
hich we cannot produce and we are 
all well aware of the serious positio 
n regard to supplies and price. 

Urea is produced synthetically 
furthe: 


our country and supplic 


simply need the nstallation of fu 
ther plant 

Carbide for the production of acety 
lene is now available as a_ British 
made product at the plant in South 


Wales, 


the war. The present capacity is about 


vhich was installed during 
200,000 tons per annum, and recently 
the demand has exceeded the supply 
and some has been imported. Being 
a Government-owned plant the price 
is controlled 

Polyvinyl chloride plastics are made 
n two plants but the output is is 
adequate at present. The supp 
should however take care of the de 
mand in the future with the exte) 
sions of present capacity and a nev 
plant which should be operating 
1952 

Ethylene as a base for the produ 
tion of several plastics including poly 
ethylene is available in limited quar 
tities at present 

You are no doubt aware of the 
cracking 
being installed in Great 


plants that are 
Britain by 


large oil 


three concerns, two of then sponsored 
by big oil companies, so that in the 
near future ethylene and 
the chemicals accrued from the pro 


many ot 


cess will be available for the produ 
tion of not only larger quantities of 
polyethylene and polystyrene, but 


some of those new plastics arising 


from ethy lene 
THE FIBRE AGE 
A new fibrous plastic has rece ntiy 


“Terylene” which is 


been announced 
based on polyethylenc 
phthalate. It claims to have conside) 


givco tert 
able advantage over other fibres. This 
is now going into large scale pro 
duction 
There is a 
search and development going on it 
Britain in connection with the pro 


everybody is 


large amount of re 


duction of new fibres; 


fascinated with the problem and we 


may see very important development 
in this field in the future 
There have been overstatements 
made that this is the “plastics age,” 
but most people are developing a bet 
ter perspective and realizeing that 
plastics have their proper place and 
especially their limitations. If we 
don’t take care we will have a “syr 
thetic fibre 


ol then “are 


age” to replace it. Most 

based on a plastic o 
polymer and have their origin in ou 
industry 

The whole of the technical research, 
both fundamental and applied in th: 
ndustry is carried on by individua 
companies at their own expense, L« 


by private enterprise. There is not 


vet a Government sponsored Researc! 
within the 


organization for plastics 


orbit of our Department 
and Industrial 


Rese arch 
The amount of money sp« 
search in the plastics indu 

estimated in June 


L950, ac 

a Statement in the Londo: 
Time s,”’ to be about one n Lill 
per annum. This estimate 1 
row 

The raw material mar 
and plastics material maz 
being mainly chemical manut 
companies, value research ve 


mn order to ensure their pe 


the deve opment of new pla 
terials and applications for 
On the indamental —§ sids 
earch, the Department of 


Chemistry at Cambridge | 
vorks quite 
structure of colloids general] 


types of plast 


actively on the n 


ncludes some 


terials. 

The plast cs ndustry —§ loe« 
ts en ployees DV means of 
of training, both for juniors at 


ntended for higher manageme 
The scheme for 
by the Joint Industrial Cou 


the Plastics Industry thi 


juniors is s} 


‘ 


Association 0 Chemical and 
Employers by agreement 
Trade Unions’ side of the ¢ 
Statf Trainees for higher 
nent are catered for DY sche 
ganised by individual manufa 
and sUu¢ h Trainees are USUdI 
from University-trained your 
What is the set-up of our ind 
and the organization that rep 


° 
; 


TRADE GROUPS 
We have The British Plastics Fed 
eration which is a trade orgar 
all embracing in its scope. It 
sents the industry as a whol 
the raw material suppliers to 
ricators of the finished articl 
It represents about S80 pe 


the total industry in tonnag 


value and is recognized by the 
ernment departments as the 
body to approach on any trad 


lem of the industry except lab 
ters. The membersh p is comp 
companies and firms who a 


rs ‘ 


fide British plast 
suppliers to the industry. It 
up of different 


being autonomous within the 


cs manufa 


groups, eae 


tution. It can deal with any 
affecting its particular g) 
any subject affecting anothe 
or industry generally, must 
ferred to that group concert! 
the Council respectively 

There are six groups, nat 
Raw Materia 
Plastics Materia Manut 


Group 


Suppliers’ G 


Fabricators’ Group 
Laminated and Fib 
Grou] 
Mo 
Engineers’ Group 


The membership of the B 


ulders’ Group 


ST’ } IF EBR 











ration s one of Companies 


Company appoints its rep- 
es to act for it. 
deration is run by the Cou 
ts Main Executive Committee 
Committees. It has proved 
useful in holding the in- 
gether aS a means of con 
een different interests and 
iable as a spokesman fo) 
ndustry from time to time. 
ext organization associated 
ndustry is The Plastics In- 
an organization made up of 
vorking in or interested in 
It has entirely a persona 
hip. Companies and firms car 
embers under its present by 
is I view as important. It 
the Institute to be run with 
jue influence of industry o1 
p of the industry. Its prime 
s to offer a platform to 
he members to present con 


ind technical papers. It us 


icts large numbers to its 
nas of recent times set t 


as a qualifying body and 

diplomas, associateships and 
ps against eXamination o 

! Spe cial cases It alse 

ter and arranges the educa 
le for industry and has had 
sums voted by industry fo 
ise and has granted scho 


7 
1 


promising young men fo 
ersities 
ext in importance is The Plas- 
cs and Polymer Group of the Society 
ff Chemical Industry. 
Plastics and Polymer Group's 
netion is to provide a platforn 
eting place for those interested 
chemical side of plastics. Its 
ind papers are of the mor 
type 
title indicates it is a subject 
f the Society of Chemical In 
vhich has 13 Sections in Great 
ind one each in New York, 
ind Australia. It also has five 


groups which are non-ter 


ociety of Chemical Industry 

s a weekly news journal 

stry and Industry” and “Trans 
and assists in producing th: 
Chemical Abstracts. 

lhe Association of British Chemical 

al icturers, as its name n pl es, 

ts concerns engaged in al 


chemical manufacture ir 
ain. It is a trade orgar 
s the “spokesman” for the 
other than for 
Its membership consists of 
es and not of individuals. The 
T s divided into sever! 
ne of which includes the plas 
stry. The 
regard to the 
nanufacturers, but looks 


Industry 


Association is not 


nterests of 


nterests of anv other brane} 
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of the Chemical Industry. The plastics 
nterests are mainly catered for by 
the British Plastics Federation 

All labor problems for the Plastics 
Material Manufacturers’ Group are 
taken care of by the Association of 
Chemical and Allied Employers, whic! 
has a Plastics Material Manufacturers’ 
Group, upon which all the plastics ma 
terial manufacturers are represented 

We recognize that our side of the 
plastics industry is closely allied to 
and in fact is a branch of the chen 
ical industry, while the moulding and 
fabricating end is very much allied 
to the engineering industry 

So here we have a “parting of the 
ways” and the plastics material mai 
ufacturers being allied to the Chen 
ical Industry, deal with all operatives 
basic wages through the Chemical 
Industrial 


Industry Joint Couneil 


The Council which has official re« 
gnition as the negotiating body fo 


settling basic hourly rates within the 


o 
chemical industry, consists of elected 
representatives of the employers and 
representatives of the operative en 

plovees through their respective trade 
inions. The Unions are represented 
offic ais, 


Chairman and Secretary and a \ 


by thei usually the Unior 


o the area representatives Th 

Chair is occupied in rotation—an En 

ployer one year and a Trade Union 
official the next year. The Employers’ 
Chairman is usually the Chairman of 
the Association and the other rep 
resentatives are the members of the 


Executive Board 


WAGE CLAIMS 

Al] national basic wage claims fo 
ndustry or disputes 
which cannot be settled locally are 
brought up to this Joint Industrial 
Council and it meets as need demands 
to hear the case for both sides, with 
a view to arriving at an agreement 
reached ther 
It Ss repo ted to the Minister of La 
dispute exists and he us 


if agreement cannot be 


ially tries to get the two sides to 
gether again to reach a_ settlement 
Failing that, he passes the dispute to 


the rbitration Court whose decisior 


There has only been one case that 


has gone this far in the Chemical hl 
dustry in the last ten years. Usuall: 
a settlement s reached by negotia 


tion. No strike of a major importance: 


he Chemical Industry 


since the Joint Industrial Council ha 
bee! l existe ct and t Vas one f 
Ne sf He set ip 

The «¢ { ee ng side 1 tne ndustry 
qadoes 0 nave the Same set ip and 
there fore , Cannot TOLLOW the Sarie pl 
cedure. The Engineering Employers’ 
Federation with which moulders and 
fabricators are affiliated, have a me 
gotiating con tte ner he 
Unions and there s not quite the 


same conciliatory procedure 


The Kritish Standards Institution 


as picni ware and tollet seats, 


veloped, 


s the body which deals with Star 
dards fo 
the National Bureau of Standards, 
Washingto1 It has established cet 
tain certification marks, under which 


Industry, cor responding to 


they issue licenses for 


detined « onditions 


Use unde. Vel 


TRADE MARKS 


Just before the War. the B.S.1 
registered a mark of quality (certi 
fication mark) for use in the plastics 
ndustry by all those who were 
granted a license to use it. The mark 
and scheme that went with it was 
worked out in conjunction with the 
British Flastics Federation 


Certification Mark for Phenolic 
Moulding Materials. The Certification 
Mark shows the letters B.P.F, (British 
Plastics Federation) and a_ device 
combining the letters B and S (Britis! 
Standards Institution). The two let 
ters AA have been allocated as a ref 
erence to one of the Licensees 

The Code Al indicates Type G 
if B.S.771 (1948); the letter A stands 


or BS.771. There are eight types of 


aterials in BS. 771, i.e. Types G, 
GX, HD, MS, MHS, HS, HR and L 
and these are numbered from 1 to &, 
e. on the Certification Mark, Type 
GN would have the reference A/2 
and Type L would have the reference 
Je 

The use of the mark and any other 


(unde) license) car ony be granted 
where standards of quality or othe 
conditions already exist in the form 


of a British Standard ( B.S.) 


Each applicant for a license 


submit to an examination of his pro 


cess and satisfy the B.S.1. that they 


have proper means of control thir 
thei vorks and Vii ! tact carry 


out control tests at agreed intervals; 
keep records of such tests and will 
appoint one of their technical men 
to be responsible on behalf of the 
B.S.I. for checking and signing the 
tests records 
The B.S.1. have the right to send 
round their inspector at any time to 
a licensee’s works and take samples, 
or where practical, buy articles in the 
open n arket 

Any proved Int remetl ) 
of the mark causes first a warning 
be issued by the Marks Committee of 
the B.S.I., upon which a certain nun 


Der of representatives oft ndustry . 


So far phenolic and urea moulding 

aterials have a British Standard and 
most of the reputable makers ar 
icensees and use the mark on the 


standard grade s of powder 


There are as yet only a few spe 
ications available for mouldings, suc] 
ut 
thers are in the process of being de 
l nelud ny Spe cifications fo 
*V.C. articles and laminated sheet 


] 
Both of these products are expec ted to 


Fleve 


seq ete 













































































RAW MATERIALS 





























mh ivailabDle for “sue of icenses if 
the near future. 
rh ate is wtant as | shoul ° ' 
. ' pet ts ant as it sh uld Available Supplies in Used ir Pere 
ire a high quality range of pro Great Britair the Plastics 
duct ind enable the purchaser to Industrv 1948 
have some guarantee of the quality wets 
he I. iving, and perhaps convince Tons ibs. Ibs. 
thre uu tne as “Ss § ) s nj - 
| _ hat pl aati aFe NOt hod Phenol 20 000 $5,000,000 $49 000,000 65 
dy articles but products that can be : 
relied upon Cresol 14.300 31,000,000 23 200.000 
The group of licensees are propos Methano! 60,000 134,000,000 80,400,000 ( 
ny to publ cise this Certification Mark Formalde hyde T0600 158,144,000 110,000,000 70 
for plastics in 1951 with the backing Calcium Carbide 100,000 224 000,000 56,000,000 z 
of the British Plastics Federation. Casein 8.750 19,600,000 4.900.000 : 
We should do all we can to improve Urea 12,000 26,880,000 18,200,000 
the quality, the design and the utility T mnie 
>] 3 2000 1 OOO 
of plastics by all the means at our dis _—— " O15,0 100,00 
posal, and I consider you in the United Melamine 400 996,000 996,000 LO 
States have done much to help up Hexamethylene 2 O00 1,480,000 4,360,000 
ift the quality, grade and design of Tetramine 
plastics products, even more than we Benzene 378,000 850,000,000 12,700,000 
have in Great Britain 
There are two other bodies which 
are associated with plastics concerned, and no person who was not made all the drinking horns 
. n the respective Guild could trade horns and combs of horn wi 
ORNERS AND P.LG.S. | 
HORNER AND PLLG within the sphere of their jurisdic quite a flourishing business 
You may know that in . — tion. production of glass put then 
days in the larger towns in England the window business ; , 
ind in London in particular, trades They were and are known as_ the ‘aia hit ; oe of th rw ki 
: : . ’ ‘ " 4 > , ’ . « ¢ lé 0 } ! 
and crafts were organized into Guilds City Craft Guilds. Now, one of these saath e dri 
vhich became very powerful and rich was called the Worshipful Company) een ee 
bodies. Many of them obtained Char of Horners. The Craft made all the wweverthaless, the Guild rome 
ters from the King of the time which transparent window panes before being. It has certain assets a 
gave them a monopoly of their par glass was available by beating out perties which it had acquired 
ticular trade provided they set up horn so thin that it was transparent earlier and more wealthy day 
tandards of quality on measur: and vet thick enough to fit in a small A few years ago the Court " 
took steps to enforce them. This they pane in a window (incidentally, the Guild conceived the idea that 
partly did by having a “closed shop” origin of the small pane window). der to preserve continuity and 
as far as their particular trade was Members of the Horners’ Company the thought behind it of linki: 
ancient with the modern, invit 
tain persons in the plastics 
eres AER to become Liverymen of the 
Lu UNITED KINGDOM UNITED STATES This was readily accepted 
Cc Production Production per Production Production the Ancient Guild of Horne 
p.a head of p.a. per head worked very much in the ear 
e (000,000 Ibs.) Population (000,000 Ibs.) of population tic material, has assured th: 
e uity of their honourable Guild | 
t Vhenole Cresvlic 7.2 1.15 1b 220 1.46 Ib. ing up Ww ith the plastics indu 
iL Pes The Guild meet annually t 
t Phenolic Cresy lic 60.0 1.20 Ib. lil 1.14 Ib. address from some prominent 
. M.M of the plastics industry and t 
t Phenolic and Urea 17.0 0.34 Ib. N.A N.A. their annual banquet. 
Laminated The Guild has gone furthe 
- granted a cash prize for co 
Urea and melamine 6.5 0.74 Tb. 1 0.61 Ib aniong employees of firms wl 
resins (estimated) members of the British Plast 
Urea and melamine 20.0 0.40 lb 10) 0.27 Ib. eration, for a finished arti 
(estimated) in plastics, the Federation 
each vear the class of art 
‘heno " s 36 N.A. : 
IP heme lic, urea and 18.1] O86 Ib N.A \ must be submitted 
Me TAM The foundation of the 
laminated Company goes back ear.ier t! 
‘ son . Sao tk 
PVC. Resin and a 0.74 Ib. wg 1.49 Ib and the charter as a Guild w 
Compounds e@ by King Charles I, in 1638 
; REE As tl mmediat ast Li 
( ellulose Acetate 12 i 1) 25 lb. tot 2 A 44 lb. f I d ; a F k 
0 Andon, il ederl 
Polvethvien N.A N.A NA N.A. vas a Liverymar of the 
resit Guild and its Master 1985-3¢ 
Polymethyvimeth S O.17 Ib invited to hold our banquet 
vwerviate resit N.A N.A n the Mansion House in tl 
London, the home of the Li 
nsec oar One final but minor act 
mporte head o , ‘ ‘ 
er cept to golfers) is the | 
polymer population 0.97 Ib dustry Golfing Society, k 
‘ ’ » ri | > : . 
Poly rene Pes = 0.06 Tb i England as the P.LG.S 
\ number of trophies and 
Not available been bestowed through tl 
! ‘ SP} bk ERR 














does 


petition and successfu pans sche s have applied While the size of the industry 
held throughout the for, tota r L21,974,000 t compare with yours in the United 
[In decreasing order of Capital cos States, it is becoming a major it 
cures on the size and the the larger schemes f ed to ab dustry and must play its part in main 
f the plastics industry as a ure taining the country’s exports which 
Terylene Polymer are absolutely essential to Great 
XS the tonnage was 30,000 tons Cellulose Products Britain, not only to keep up a reason 
bs.) 1.4 Ib per head of Chloride able standard of living, but to main 
luorethylene (P.T.F.1 tain a population of 50 llions at 
iS the tonnage output was these schemes are work :, 
ns (290,000,000 Ibs.) (5.8 stimated that 4.500 ore I tne United Kingdon phenol 
head of population) \ be required ind cresylic resins m arly trebled 
timated that in Great Britair sed that the furthe cap — — oe oe yous 
or eee F +} inder review (1941-1948) inclusive 
i! employed in the plastics al estment approved for the plas ts 
s approximately L40 50,000, cs i dustry is such that in about Phenolic and urea moulding ma 
s figure is approximately te 1951, the total capital employed w terial doubled their output over thes 
Now, from some calculations w Cellulose acetate moulding mate. 
al of all plastics produced have made, the following is the cor oon eased about five times ov 
Brital n 1938 was 30,000 sumption of plastics pe head of pop tne last 5 vears 
ust stated, and during th: ulation Acrylic sheet Increased by 2*2 times 
ears this output grew t All Types: er the last eight years 
ns (290,000,000, Ibs.) which Great Brita 290,000,000 Tbs Polyvinyl chloride increased il 
1 figure of about 5.8 lbs ».8 lbs. per head of population (0, mes over the last eight vears, cet 
j f pe pulat yn per annun , OO0,000 persons) 4iniy three mes over the ast SIX 
tal I Ss = 954,000,000 bs 6.2 bs years 
duction capacity Great pe head of population. (150,000,000 Polystyrene esin doubled its cor 
is estimated to be in 1949 persons Sumption during 1948-49 (a how 
Shank teak eal when Ue oon cx hounds per capita ever, imported into the U.K.) 
expanslior s completed ! | stwvre ‘ wilh 4) Q7 I rea resins ncereased many time 
capacity will be 339.000 tons Pv ‘Resi & during these eight vears. Great Brit 
ue of L71,000,000 (200,000 Compounds 0.74 1.49 iin Is Ore urea conscious than the 
irs) (@ 2.80 to the L) Resins (phenolic type) 1.15 1.46 United States, the relation being .040 
ure Trends. (Expansion of tl Resins (urea type) 74 0.61 b. per head in Great Britair a 
) Moulding Materia igainst 0.27 Ib. per head in the U.S.A 
Repo f the Chemical I (Phenolic) 1.20 1.14 The consumption of available raw 
1949, it is stated that 55 ex Moulding Materia iterials in Great Britair I ela 
schemes were ! progress (ure 40) - on te Ne total materials available 
L.17,447,000, Eighty-nine ex ( S \ " 1.25 0.44 s show) the ecedit tables 
te e,.e . e e 
onditioning Phenolic Materials 
F ele e « 
or Stability in Molding 
By Jerome L. Formo 
Vinneapo Honeuwell Re ator ¢ 
Vinnea) ¢ 8, Minne 
Fina Ne) ice conditions ro the molded prece should dete ) hie Phie 
voisture content and pre heat teel nidgie hetore molding 
t iccord Webs s i inge d . 
ing a NK le ft r a D i S ec! 
piast nolding, sta sms Included are ddit 
he substance of things hoped ) p , di atior 
‘ the his ile { i hs - ” ent - a 
” attained ¢ t : 
ss t il s suct i 
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seeserrreninrnmy OL 


or hye ‘ perature \ Cause 
é re rapidly. Hot, dry atmos 
phere al vill increase the rate « 
I olatile materials. If, on the 
tne hand, a molded part 1s to be 
exposed t ot, humid atmospheres, 
know hat the effect of the high 
humidit may be revealed in several 
different vavs. I rst, it Vill ncrease 
iter content of the molded part 
ind consequently cause swelling o 
nerease in dimensions. Secondly, 
condensation of water from a highly) 
humid atmosphere on the surface of 
a molded part may cause leaching of 
ater soluble materials with a re 
ductior n strength and an eventual 

eduction in size 

Condensed water on a_e surface is 
ery good solvent for many ma- 
teria vhich are normally not con- 
dered very soluble in water. Thus, 
vhen tests are performed with parts 


nersed in water, it should be un- 


derst od 


that many materials very 
n form saturated solutions. h 
fact, much water which is used for 


esting becomes saturated with certain 


ents o1 compounds very quickly 

ind the solvent action of the wate) 

thus decreased. However, if a con 

tinuously fresh supply of distilled 

ater brought to bear on a part, 

it will have a much more prominent 
solvent leaching effect on the part. 


In the case of a humid atmosphere, 


again such materials as ammonia are 
taken from a molded part and in the 
presence of water and heat it is very 
common to find that the wood flow 
used as a filler will decompose and 
produce corrosive materials such as 
acetic acid. In most instances it will 
be noted that the first source of di 


mensional instability in phenolic mold 


nes is the loss of volatiles such as 
vater. Thus, for example, a_ part 
vhich has been molded with low 
moisture content will tend to reach 
equilibrium at a relatively low hu 
midity, while a part molded with a 
higher moisture content will become 
stable at a somewhat higher relative 
humidity To this end, a large po 
tion of this paper is devoted to the 
effects of methods used to control 
moisture content of phenoli ma 
terials 

Other parts of the paper include 
studies made on volatile loss in phe 
olic materials during preheating and 


nolding evcles. Tests which were used 


to determine stability of molded parts 
nelude aging over a two-vea period 
at high and low humidity levels, at a 


high level, and at cor 


1] 
trolled 


temperature 
laboratory atmosphere cond 


tions 


PROCEDURE 

For the portion of this work which 
the effects of 
moisture on as-molded conditions and 
on aging effects, the following pro 
was used. The test pieces were 

molded in a 4-cavity mold at 
320° plus or minus 
produced one 


nvolved measuring 


ct dure 
transter 
a temperature of 


I These cavities 


in. X *e in. X *e In. bar, one 4 in. x 
I 


disk, ASTM standard '. 


test specimen, and one 2 


x In. one 


in. tensile 


x 's in. disk. Seventeen shots were 
molded under each of the following 
conditions 0, 20, 40, 80, and 160 
drops of water per minute, dripping 
into the preheat oven, 180 to 250 
preheat, (internal pill temperature), 
1 min. 15 sec., 2 min. and 3 min. cure 
lyry bulb temperature in the preheat 


maintained at 275 


Transfe 
supplied by hydraulic pump and nit 

bottle type and 
controlled by a valve 
at the The 
sure for 
conditions so as to maintain a 
stant time of 12 
The moisture content of the preheated 
the following 


oven was plus o1 


minus 5 F, pressure Was 


roger accumulator, 
reducing 
transfer 


was 
press pres 


Was varied each of several 
con 
transtfe seconds 
pills was determined in 


manner. 


Samples of the preforms to be used 
were checked for moisture content 
by the Dean and Stark procedure. 


For each preheat condition, test pre 


forms were heated in the oven. The 
change in weight during preheat was 
recorded as the change in moisture 
and used to obtain the values tabu 
lated. Standard ASTM _ procedures 


were used in testing the flexural, ten 
sile and Izod impact strength, insula 
tion resistance and dielectric strength. 

For the as-molded values, five samp 
molded each of the tes 
conditions were tested and values re 
Three each of the remaining 


specimens stored 


; 


les unde) 


corded. i 
sets of were unde) 
the following conditions: 

(1) 200° F. Oven 

(2) Laboratory atmospheric cond 
tions temperature maintained 
at 77°F., humidity varying from 30° 
to approximately 60° R.H. 

(3) A closed container unde? 
to approximate 100% R.H. 

(4) A closed container over calciun 
chloride to approximate 0% R.H. 
DIMENSIONAL PROPERTIES 

Concerning the as-molded physical 
measured 


room 


wate 


dimensions of test 
at least 24 hours 


following conclusions 


pieces 
molding, the 
drawn: 


afte) 
can be 


(1) Mold shrinkage increases as 
moisture content Increases. 
(2) Mold shrinkage decreases as 


preheat temperature increases. 

(3) The effect of moisture ol! 
shrinkage is pronounced in the 
middle range of contents 
investigated. 

(4) Mold 
cure time increases. 

(5) The geography of molded 
pieces influences mold shrinkage. 

(6) Heavy-sectioned pieces are less 


less 


moisture 


decrease Ss as 


shrinkage 


affected by variations in moisture cor 
tent 

At a given preheat temperatu 
the required transfer pressure drops 
very rapidly as moisture increases, It 


the pressure required 
molding is a relative 
de pends on the degree o 


preheat and the moisture The 


appears that 
for prope: 


tor which 


fac 
P 


content 





stiffer the aterial 
transte1 chamber. 
transfer pressure 1 
duce equivalent 
cavities. This effect 
moldability or flow of 
is also true if con 
parts. 

The dimensional 


this 


from 


piaced 
the gg) 
equire ad 


pressures i} 


nolding t 


of m« 
a giver 


ipressior 


values 


est indi 


given a close ly controlled set 


ing conditions, very small t 
and critical dimensions of 
parts can be maintained, at 


the as-molded condition. Furt} 


our studies indi 


cross-sections so 
erances must be 


thin 


sections. 


‘ate 


mew 


that for 


hat 


PHYSICAL PROPERTIES 


impact st 


(1) Flexural : 


are improved by 


ind 


Ss 


neat temperature 
(2) Tensile and l 
show 


moisture content 
(3) Flexural, 
strengths all see 
Improvement \ 
time. 
ELECTRICAL 
(1) 


Insulation 


a slight decrease with 


te nsile, 


ry t 
tl 


res 


using hig 


mpact s&s 


and 
o show 
ncrease 


logarithmically as moisture 
strength decre 


(2) Dieleetri 
moisture increase 


The 


curve of 


Vs. moisture cr 
straight line, 
predict with son 


Stance ¢ 


trical res 


nsu 


miter 


« «if 


lation re 


t < } 


making t p 


racy 


if the mater 


moisture content is known. | 
as the shrinkage of a part is 
ly affected by the moisture 
t may be possible to meast 
trical resistivity by measu 


shrinkage of the molded piecs 


cone! 


We 


results 


may 
that, for 
mensional 
cont 
the n 


mainta 


tance, close 
content 1s 
factor to 

ture 


is also of 


contre | 


ude 


r 


PROPERTIES 


grea 
en ployed t! 


; 


istance. de 


fron tne 


molding in 


ol o 
ost 
in. | 


ol prit 
the 


in pot tal 


Vel 


reheat 


importance 


AGING TEST RESULTS 


Aging at high 
22> months resul 


crease 
results show that in 
content of the molded 
sults in a decrease | 
mensions under such 


we assume that 
pose 


specified quantit 


hur 
ted 


a given 
phenolic material will abs 


\ oO 


nidity it 


t 


in a se\ 


‘reased 


mate 


ajyzing. 


in chang 


ly 


gene! 


f morstu 


before or aft 


little 


whether it has: it 
ing should make 
the total. This effect 


high humidity, however, 
parts which are to be 


for 


vice under such conditions, it 


diff 


fron st 


+ 


indica 
used 


to use high moisture contents 
the preheating operation. It 
noted also that the best sta 
achieved when using a high 


ture 


level in the 


preheating with a hig! 
preheating ove! 


fect of dt Ving cor d tions or 


SPE Jou 


? 
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in length of all test piece 





t\ ? 
ty oO 


The temperature 
as little affect on the change 


dimensions is quite 
hy of pre 
sions of parts aged over a 
d of time. Furthermore, it 
at room temperature a zero 
content would give us zero 
dimensions. In other words, 
volatile of coneern unde 
nditions at room temperature 
Not only is a part more 01 
ect to change in 
jisture content than at high 
other 


tion products are 


dimensions 
possibly volatiles o1 
involved 
nechanism of changing di 
~ Both curves seem to Cross 
004-.005 in. in 
other thar 


accounting for 


xis at about 
that something 
content Is 
s much shrinkage 
rd phase of a study on vola 
n phe nolics has been started 
attempt to show the rela 
of such volatiles to dimen 
tability. Th 


effect of various 
e contents on test pieces ex 
laboratory conditions over a 
two years shows the tre 
effect of moisture’ which 
om season to season as com- 
th the shrinkage 
ilso occurs in this type of ma 
The middle range of moisture 
maintain the steadiest con 
throughout this lengthy period 
Because of the fact that most 


chemical 


result in uSe ap 


applications 
ng the St test conditions, t 
ghly desirable to maintair 
ire level in the 
4 yD) VAL, 


molding pow 
Furthermore, 
t of aging at drying condi 
vell as in high temperature 
approximately nn 
from the as-molded tensile 
th. There appears to be a slight 
strength but this 
aried with the 
present In the parts whethe: 
ed at 180 or 230°F 
ging at 100% 
humidity, there is a marked 

n strength 


0 tensile 


amount oO! 


How ever, 


Cast afte a 


at dry preheat 
ditions and a less noticeable 
rf strength ifter moist pre 
In the case of flexural 
t may be noted that aging 
R.H. and room temperature 
ower the flexural strength 
deal. Oven aging at 200 s 
ably more severe. Here again, 
aging under high humidity 
ns tends to show a slight in 
ent when the materials have 
eheated under moist condi 
any case high humidity con 
g tends to flexural 
1f phenolics considerably 
inder either drying cond 
oven conditions results it 
‘| 


dis 


reduce 


b. 29 


strength, while 
nder high humidity conditions 
very low dielectric strength 
rtant thing, however, is this, 
er reaching equilibrium in the 


ectric 


1? 


re at which a piece will be 
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ised tne dielectriu strengt! S Th 


ger ae functilor of the original 


moisture content but is rather affected 


entirely by exposure conditions, 
whereas in the as-molded nditior 
the dielectric strength dropped off 
somew nat vnet! molded inde? moist 
conditions. This fact is of extreme 
mportance Decause It Makes one ques 


on the rather broadly 
>| predrying materia 


be used fo 


iccepted poticy 
i which Ss le 
electrical applications. For 


cellulose or wood flour filled materials, 


this seems to be of no avail. Con 
sequently, those who have feared the 
use of moisture as a pre heating med 
lum may take consolation in the fact 
that final 
how the 
In the case of insulation resistance 


vas found that all test 


results are equal no matter 
material was preheated 


samples 
aged at 0 R.H. as well as those aged 
at 200 F. have 

values above one 


aged at 100° 


nsulation resistance 
1 rohms 


{ 
ra 


relative 


million me 


The plreces 


hun idity all vere reduced to fron 
1-7 megohms regardless of the 
amount of moisture initially present 
Those aged at room conditions show 


ariations over a considerable range 
eflecting to some degre. the initial 
moisture 
EFFECT OF VOLATILES OTHER 
THAN WATER DURING PRE- 
HEATING AND MOLDING 

The phase of the work recorded in 
this section has been reported in a 
pape. American 
Chemical Society by Formo and Dun 
bar in September, 1950. The work of 


the preheating 


content 


presented to the 


determina 


volatiles 


tion was performed in a vacuum oven 


th suitable means for collecting 
gases given off during preheating 
The oven of 20-liter capacity was 
swept at the rate of 7's liters per 
nute. Supply air was cleaned of 


water and immonia by bubbling 
through sulphuric acid, Carbon dioxide 
and acid fumes were removed by pass 
gy the air through an ascarite tube 


Finally, the dry, clean air was heated 


to over temperature by passing 
through a heated copper tube. The 
exhaust xture of gases was bubbled 


through an 18-inch column of .2 


ry olar 





sulphuric acid. T 


sis indicated that, aside fron 


qualitative analy 


vater, 
only phenol and ammonia vere 
n more than trace quantities 
is formaldehyde 


thyl amines which might be 


Other material such 
and n ; 
suspe ted vere each checked by two 
nethods with only 
Pheno 


by a colorimetri« 


negative results 
as determined quantitatively 
method.” Ammonia 
vas determined by a modification of 


the micro-K jeldahl 


Phenolic preforms were 


technique. 
placed in 
enough to raise the 


nternal temperature to 160°, 180 


and 210 F. in the dry oven as well as 


n the presence of 40 to 80 drops ot 
vater per minute. The dry bulb temp 
rature of the oven was maintained at 
220 F 


deriv ed 


olatiles 


during the molding ceperation, pre 
forms conditioned in the same manne! 


were subsequently 


y placed in con 
pression test bar molds subjected to 


arious temperatures and cure times, 


holding the pressure constant at 3,000 
molding press which had 


means for totally enclosing the mold 


p.s na 
Molding temperatures of 300°, 325 
and 350° were used with each preheat 
ng condition, and cure times of , 
5, and 7 minutes were used. Triplicate 
determinations, each the total accum 
moldings, 


ilation of four individual 


were used in each case since the total 
olatiles ‘ volved in several cases Was 
smal] 
CONCLUSIONS 

(1) The only products of 
importance to dimensional control lib 


volatile 
erated during preheating are wate 
phenol, and ammonia 
(2) A controlled addition of 
ture to a preheating oven results in 
(a) A reduction in the time re 
quired for 


mois 


preforms to reach a 
specified preheat temperature 
(b) A 
of phenol liberated 
(c) A reduction in the 
of ammonia liberated. 
During molding the 
eralizations may be made: 
(1) Physical 
versely with loss of volatiles 


reduction in the quantit: 


quantity 
following gen 


properties ary ! 
(2) Phenol loss varies directly wit 
cure temperature and cure time 
(3) Ammonia ,loss varies directly 
vith cure temperature but is not ap 
affected by cure time 


(4) Loss of volatiles during mold 


W her 


p eciab \ 
ing Is 
pre heated with 
added 
In atten pti 


greatest preforms are 


higher quantities 


motsture 


g to set up conditio 
vhich will properly prepare phenolic 
materials for stable moldings, it may 
be seen that due consideration must 
be given to the conditions of service 


which the part 
For norma 


is expected to meet 
humidity 


and for interior service it appears e' 


Variations iW 


dent that a normal moisture content 
of from 1 to 2! 
suitable overall condition. For hig! 
humidity application it is generally 
better to use 


provides the most 


molding material wit} 
1 higher moisture content 
high temperature or dry 
t will be 


gvenerally bette) to us¢ 


molding materials with low moisture 
vhers 


content I 


strength is of 


phy sical 
Importance 


CASES 
particular 
hould be giver 


preheating technique employed 


careful consideration 
to the 

so as to assure achievement of opt 
mum physical properties 
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Materials Supply Prospects 
For 1951 


By Frank H. Carman 


Vanufacturing 


Chemists 
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Frank H. Carman, assistant secre- 
ary in charge of the 
Manufacturing Chemists’ Association, 
said that demand is currently running 
vell ahead of supply for aimost all 
types of plastics, despite the fact that 
going into defense are 
‘extremely low.” He reported 
eral producers have indicated 


much as 25 


; 


plastics of 


amounts uses 
till ‘ 
that se\ 
orders are running as 
per cent ahead of production 


“The Armed Services are now tak 
ing relatively small amounts, but we 
know that restrictions in other ma 
terials are going to cause them to 
ook to plastics. Many new applica 


tions will be developed, and although 


the Services at the present time may 
not be forecasting large require 
ments, we know from experience that 


they always find needs for plastics far 
in excess of their originally contem- 


plated programs.” 


rhe 


increase 


extent to which the industry 
can production in 1951, Mr. 
Carman said, will depend principally 
on its ability to get raw ma- 
terials. An addition to increased mili- 
requirements for their products, 
manufacturers are faced 
competition for raw 
other defense 
such as synthetic rubber, aviation 
gasoline and smokeless powder. 


scarce 


tar\ 
plastics 
growing 

from 


with 


materials needs 


kven the controls necessary” on 
metals affect this part of the chemi 
cal industry, he said. “For example, 


the limitation order on cadmium 
hibits use of this metal as a stabilizer 
coloring 
mold 


pro- 


and as a 
in several polystyrene 


in vinyl plastics 
piggment 


ney ¢ ompounds, 


He predicted that defense and most 
civilian requirements for 
plastics could be supplied, but that 
fundamental uses for plastics, raw ma 


essential 


terial limitations and smaller capacit) 


as compared with metals production 
would rule out any large scale sub 
titution for other scarce materials. 

A comparatively recent difficulty 


facing the plastics industry, Mr. Car 
man pointed out, stems from the fact 
that “it is the ‘largest 
consumers and sud 


now one of 


of chemicals, an\ 


den increase in demand places a ter- 
rific tress on the chemical manu 
facturers 
“This is a marked change from the 
tuation ten years ago when the 





Frank H. Carman 


plastics industry was relatively small 
and could substantially change its de- 
mands for chemicals without placing 
great a strain on the available 
supply. The plastics producers toda) 
cannot make a move in the way of ex- 
without providing for the 
basic chemicals. In many cases they 
must go back to the ground and pro- 
vide for a number of complex inter- 
order to bring in 
increase in finished 


too 


pansion 


mediate 
a substantial 


plastic.” 


steps in 


Plastics today are consuming about 
65 per cent of the total phenol pro- 
duced, he said. “Roughly 40 per cent 
of the methanol is used for formalde- 
hyde, of which 65 per cent goes to 
resins. The industry’s use of a large 
share of the available styrene is well 


known. Cellulose acetate flake now 
takes 60 per cent of the acetic acid, 
and approximately 16 percent of the 
flake is used for plastics. Over 60 
per cent of the urea, and 15 to 18 
per cent of the chlorine finds its 
way into this industry.” 

Based on recent talks with pro- 
ducers, he said that supply outlooks 
for the major types of plastics are 


as follows: 


“Phenolics—If made 
available, production could be increas- 
A moderate ex- 


underway ir 


phenol can be 


ed about 20 per cent. 


pansion of facilities is 
several units and new phenol capacity 
the middle of the 


and cre- 


should be ready by 


year. Resins based on cresol 
sylic acids will not be in over-supply 
for some time. 

“Lreas and melamines—Productior 


the last 


mands. 
will provide more material, b 
still be short because of py! 
demands in civilian as well a 
products. 


mated 


“Polyesters 
at three 


Because 


chemicals 


Six 


New 


capacity 


times 


for 


Volume is 


that 


months has be 
all time peak, but still shor 


of shortages of t} 


(benzo 


ly 


maleic a 


I 


styrene, glycols) and glass f 
popular reinforcing material, a 


stantial 
require 
other 


less 


essential 


of chemi 


increases in these res 
diversion 


a 


uses or 


expansion of basic raw materia 


“Cellulosics 


Production 


Ww 


tinue to be restricted by raw ma 
such as cotton linters, wood pu 


plasticizers. 


Supply 


can be 


ey 


to remain tight through the first 
ter with possible improvement 


second q 


as new r% 
“Film for packaging, even 
capacity to be brought in, wi 
in critical supply most of the y: 


“Vinyls 
phenomenal 


chloride 
ducers report that they have de 


uarter 


and 


last half 


iw materials sources « 


copoly mer 


growth, 


material 


“ 


These plastics have 
particular 


~ 


for every pound of resin and tl 


sumers ¢ 


than is now 


pansions 
availability is a 


‘ould use 


are under 
threat. 
requirements for defense product 


available. 


25 per 
Subst 


way but 


be handled without difficulty 
“Resins based on vinyl acetate 


vinyl acetate, alcoho! and but 
are now extremely critical becaus« 
rated orders for material in the 
hesive field and limited capacit 
monomer production. Only the 
essential civilian and defense 
ducts will be able to obtai: 
resins, 

“Styrenes—There is very little 


cent 


int 


} 


Cl 


i 


Foreseea 


couragement for improved supplies 


1951. The 
accelerated will undoubtedly mak: 
polystyrene 
the first quarter when rubber pr 


a peak. z 


tion 


indications that plastics may get 


shot 


relief in 


national! 
policy w 
plastics are to survive end pr 
the 


“Acrylics 
re currently 


next 


terials a 


pliers are 


and 


handled. There will be 


most 


rubber 


ild reach 


the 


events 


ill determine 


SIX 


Shee 


I 


position 


second 


t 


essential 


capacity this year 
“Polyethylene 
cent increase in production 1 


be 


However, 


possit 


le by th 


program n 


most ¢ 


quarte 
and mo 


how 


months. 


and 
short, 


needs 


some 


Almost a 


potentia 


end of 
uses I 


ow 


rit 


! 
b 


mold 


t 


confident that war «a 


“aa 


items together with some esst 
dustrial 
available 


t 


hon 


rea 


products 


production 


iy starts 


SPE Ji 


will require 
when 

to roll.” 

nal, FEBR 


hers 





After-Treatment of Molded Polystyrene 


Kop we? 
i 


By Charles T. Snyder 
Koppe rs Co., Ine. 


Blda Pittshural 19, Pennsylvania 


A simple immersion test reveals place and degree of strain in molded 


pa? ts. 


This should aid the 


tions and kind of after-treatment needed. 


production has sky 
15,000,000 pounds it 


tyrene 
ed from 


256,000,000 pounds in 1950 


yress has been accomplished 
erous advancements in the 
ture of the polymer and it 


dling of the products made 


ifter-treatment of molded poly 
parts has contributed measu 
the growth of the industry 
nereased sales volume. How 
these treatments in the main 
been a carry-over of previous 
nce in other industries. The 
problem involved has been modi 
and adaptation of previous 
edge to a new industry and new 
ls. This is progress and r¢ 
ngenulty, but still these steps 
ertain hand operations whicl 
e results immediately apparent 
eve. On the other hand, during 
ist two years, molders and dis 
s have been harassed by the 
and cracking of polystyren 
thout apparent cause eithe) 
sit, in storage, or on merchants’ 
At first, it was believed that 
late packing and rough hand 
e responsible for this. After 
ible study, however, it 
that this difficulty resulted 
the self relief of stresses with 
part. Thus an intangible but 


portant factor was introduced 


rave n petus to programs ot 
ng as an important afte) 
nt of polystyrene molded 


fter-treatment of polystyren 
parts by annealing has beer 
as the primary theme of this 


nm. It only recently has_ be 
mportant factor i the pias 
lustry and detailed factual data 
been readily available. Fun 
re, high labor costs, materia 
s, and keen competition mak: 
ealing method of saving mold 
s attractive and worthy of de 
idy 
recently the word “stress” 
ctly an academic term in a 
ng plastics engineers’ dictior 
t was used to denote any 
ther than external forces o 


yf equipn ent o17 plas 1¢ pro 
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Charles T. Snyder 


duct. Very fe 
esearch and 


people except those in 
development 
locked i? 


molded plast ics 


polyme: 
groups were conscious of 
Internal stresses i 
Only recently have strains in the 
form of cracking, crazing, and ofter 
complete breakup of a part been cor 


elated with the magnitude and pat 


tern of these internal stresses. Sucl 
nternal stresses are created eithe 
by unbalanced olding conditions of 


time and temperature, by external 


ading, « by a combination of both 

| i transpare?! part nterna 
stresses al readily tye see! vnetr 
polarized light is passed through it 
The nes of stresses form a rainbow 
patter vhich generally follows the 
nes of the flow of the plastic. The 
heaviest stresses appear at points of 
turbulent fow, such as at the gate 
it points nere the low s abruptly 
broken, for exampk round core pins 
(>, ting he ’ ind tig sfresses ce 
crease along planes of ng flat flow 
\ con pletely stress fre part will not 
show any pattern but w exhibit at 
i Ve ivness ne polarized light 
s passed through it. An example of 
such a part s a compression molded 
piece vhere i stresses are removed 
prevent stresses fT! r becon ing VIS 
ble strains s necessary to elim 
inate or a east partia elie thie 

1jor stresses 

Thus nealing hich is the pr 
ess f ee ing ernal stress 


molder in setting up optimum molding condi- 


by heating and 
important. The 
of molded polystyrene 
to relieve, partially or totally, major 


gradually cooling, 
annealing 


parts means 


becomes 


stresses and strains set up in it dur 
ng injection machining, 
fabricating, or by external loading 
This is accomplished by controlled 


molding, 


heating and cooling of the part 
Fortunately, annealing of polysty 
rene parts is a mechanical operatior 
and readily accomplished in prac 
tically any plant or shop. The facili 
ties available and the plant costs will 
determine the method selected. While 
annealing of a molded polystyrene 
part can be accomplished on occasion 
n the molding machine before the di 
~ opened, cost cons ake rations gel 
erally preclude this practice. The effec 
tiveness of this method will be demo 


strated later. 


The thre: 


equipment used to accomplish anneal 


most common types 
ng successfully are a thermostatically 
controlled air oven, preferably a cll 
culating type; a controlled warm wat 
er bath; and a 
bank of infra-red lamps 


enclosed adijiustabl: 


The il) ovel has proven to th 
ery satisfactory, ind, nasmuch 
i ost olders have tray driers 
is standard equipment, ovens ar 
OMMONLY ised Usua 1\ tne mold 
ed pr Miucts are stacked ! in 
orderly fashion ! the ove! sO 
as to permit Varn air to surround 
the parts and provide uniform = ar 
nealing. However, many times parts 


ire stacked in a random fashion and 
f there is sufficient air space around 
the parts they 


\ 
| sually the length of time in the over 


ible it has been found expedient t 
St i warn Vater batt arrangement 
\) nsulated vesst s satisfactory 
and for best results a bath having a 
thermostatically controlled mmersion 
heater and stirrer is desirabl How 
Ver, satiStactory esults Nave bee! 
»btained wher ising equipment it 
vhich an immersed steam line was the 
at ource and the ate tempera 
ture Was ciosely controlled Annealing 
Nerenteer 





NO 1 STANDARD O!L 


a ; touch . nes and tne 
ite Ireely ¢ llate around 
third method of annealing itil 
tandard equipment s by niva 
adiation. Parts laid out on a flat 


e are exposed to intra red rad 
generated by means of a bank 
ira red 


lamps mounted above 


advisable t nave tl 


height adjustable in orde to control 
the temperature There vill be less 
heat lk and faster annealing if the 


allation is enclosed to pre 


irrents from disturbing the 
cead heat \ sin ple way of measuring 
tempera re 0 nsure constancy Is to 
place a tnermometet! horizontally or 
parts to be 
In order te 


prope \ ( eved to 


anne aled 


nsure that stresses art 


seerrrrenorzty Oo 


prevent held 
necessary to evolve a tast 


ind mple test to check (1) whethe 


r not the part actually requires ar 


ing, and (2) when annealing is 
Storage 


shock 


involved and 


accomplished 
tests take too long and therma 

eveling tests are 
complex. Consequently, a solvent dip 
test has been evolved which has since 
proven to be satisfactory 


Karlier work 


in polymers suggested 


the uSs¢ of a sim ple mmersior test 
kerosene to determine the tendency 
of polystyrene molded parts to craze 


nd crack. As a result of additional 
other have 
been frequently substituted for kero 


vestigations, soivents 
ene because they 
hidder 
present 

vere chosen. The 


ous solvents was twofold: (1) 


appear to revcea 
more ot the stresses faster 
work, nine solvents 


purpose of using 


te de termine the t ffect of various so 


vealing heavy stresses, and 





KEROSENE 


PETROLEUM ETHER 





Test pieces showing cracks at points of strain after immersion treatment 


(2) to determine the 
could be used successfully and inte 

changeably in the dip test. The sol 
were Varsol No. 1 (trade 
Standard Oil 


petroteun 


soivents wWwni¢ 


vents chose ? 
name of 


Acrosene, ether, a con 


ercial cleaning fluid (Renuzit iY 
these tests), turpentine, motor gaso 
ne, methanol, acetone, and carbor 


tetrachloride 
The three 
show up the 


which did not 


solvents 
Stresses in the una 
nealed parts were methanol, 


and carbon tetrachloride. Previous ex 


has indicated that this would 
happen, but these latter three solvents 


perience 


vere included in order to demonstrate 
that there are common solvents which 
v ll not perform the desired functior 
n this test. Methanol has no effect 
on poly styrene etches and 
swells polystyrene; and carbon tetra 


acetone 
chloride is a solvent for polystyrene 
in orde) to complete the test 
these 
all phases of the solvent test 


However, 


used I 
worl k. 


obtained o1 


program, solvents were 
The same results were 
each test previously 

The solvent 


reported 
dip test used in this 
work is composed of three steps. 
1. Cool the test parts and solvent 
(70 F.) 

2. Immerse the part ir 
one minute. 

Remove the part from the so 

vent and allow it to drain and air dry 

Stresses of troublesome magnitude 
show up as_ strail 


to roon 


temperature 


soivent To 


vill generally 
cracks within five minutes after th 
solvent has evaporated from the mold 
ed part, 


For these detailed studies 


Vere molded uUSINL a cool die to ? 


parts 


sure that the molded piece would bs 


heavily stressed and would not ha 


Company), 


acetone, 





ealing. As a result, numer 
strain cracks developed in ur 
parts 


applied 


when solvent dip test 


These specimens were mold 
the following conditions. 
Molding Machine 
Die—Two cavity, total weight 

shot=5.4 oz. 
Material Koppe rs 


8 oz. Reed 


Polystyrer 


Cylinder Temperature—600°|} 
and rear 
Die Temperature—s5°F. front 


95°F. rear 
Nozzle—Off 
Injection 
Injection Time 12 seconds 
Cool Time 
Booster—3 2 
Open Time—5 seconds 


Pressure—700 lbs 


1S seconds 


seconds 


The molded specimens we 
ected to the following annea 
ditions. After treatment. th 
solvent dip tested 

Annealing Anne 
Time lempe 
Minutes (°] 


Water Batl 


Infra-Red 


Note ~ 


nealing equipment was not tota 


Inasmuch as the 


closed, air currents reduced te 
tures surrounding the parts 
decreasing the efficiency of the 


tor 


In addition to 
de heavily stressed parts, t 


molding parts 


sets of molding conditions we 
First, ar 
sh the highest production 

shortest cycle, in order to det 
the effect of very 
cooling on th 


attempt was made 


vy rapid mold 
magnitude of 
stresses. Secondly, an attem} 
production rat 
arily by increasing die tempe 


made to set a 


and cycle and lowering cylind 
erature, to make 
reasonably free of 


parts wl 
stress bet 
die is opened. 

A consideration of the result 
vent testing or 
ndicates that 

1. Annealing 
primary 


temperatures 


mportance and al 


SPE Jo 


nal, FEBRI 








secondary importance, but effective and conclusive ethod ot annealing is used to prevent the loss 
in be independent of the testing a polystyrene part to dete) if polystyrene parts. Annealing ca! 
mine whether it needs to be annealed effect considerable savings by decreas 
ior w h heer ng the possibility of field complaints 
ding conditions are the major and 01 ether is. bee satis ~ e eS ~ ‘ i « } 
- f . nneale nich lead to the return an scrap 
the control of locked-i1 actorlly a ealed : , : . — eng 
iv ping of finished products. It does not 
ne stresses in molded poly The purpose of this discussion has 


| appear prudent to overlook a ten dol 
parts. been to present the factors involved lar gain next week to make a false 


ent dip testing is a fast, and the advantages to be gained wher saving of fifty cents today 


RELATION OF ANNEALING CONDITIONS TO STRAINS IN PART 


Minimum Annealing How Annealed Comments 
Material Cycle Cycle Air Oven 
Temperature—Front 620° 175 | 160°F 30 Mins Aumeeled me cracice 
fear 00°F 75 F 17 . 
Rear 600°F. so ‘ F 170 F 15 Mins Annealed—no cracks 
perature Front 85°F. 150 F 170 F 30 Mins Slight cracking evident 
Rear 95° F 150° F 
\ Of Or Water Bath 
Pressure 900 Ibs. 900 Ibs 150 F 15 Mins Annealed—no cracks 
n Time 7 seconds Ss seconds 150 F 30° Mins Annealed—no cracks 
rime S seconds 16 seconds 
342 seconds 3'2 seconds 160 F 15 Mins Only Varsol No. 1 treated speci 
lime 5 seconds 5 seconds mens show very slight cracks 
; 160 °F 30) Mins. Annealed—no cracks 
How Annealed Comments aE ‘ 
led Badl ked all \ N indivi 15 Mins Annealed—no cracks 
innealec adly cracked all ove arsol No eae a 
an > | 170 F 30 Mins. Annealed—no cracks 
1 treated specimens show the most 
eracks and petroleum ether and “Infra-Red 
turpentine the least. 150°E 15 Mins Heavy cracking apparent all over 
\ir Oven - " a - t 
\ ’ ; 150 FE 30 Mins. Moderate cracking 
15 Mins. Slight cracking still evident with oe 
; , LTO°} 15 Mins Moderate cracking all over 
Varsol No. 1 showing heaviest om je sa 
170 | 30 Mins Slight cracking 
stress attack. 
30° Mins. Annealed—no cracks. Unannealed 
60 Mins. Annealed—no cracks. Minimum Cycle Very heavy large cracks all over 
15 Mins. Only Varsol No. 1 treated speci Unannealed 
mens show very slight cracks. Annealing Cycle Slight cracking 
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Masking Problems in Spray Painting 


By Hamilton E. MacArthur 


Conforming Matrix Co. 
Toledo Factories Blda., Toledo 2, Ohio ‘ 


presentatior will discuss quently coated for protective reasons, jority of plastic coatings are applied 
the well known and long es t appears to us that the great ma for design legibility or, more par 
{ practices of masking with ticularly, decorative effect—in othe 
nd die cut adhesives, nor with vords, eve appeal, vhich means sales 
ans of decorating by silk ippeal 
ng, hot stamping, printing, The economical repetitious painting 


or hand worked sheet metal of like parts demands a= masking 


shield which, first, has accuracy 


shall briefly discuss the tech form providing a snug fit over ar 
which can be applied, and shape or contour; second, sufficient 
the masking problems in strength at its work edges to produc 
the single and multi-colo: sharply defined — color separation 

n of plastic parts by means lines; third, be sufficiently durable 
ay gun using metal electro prove capable of repeated use afte) 


nasking shields to confine the repeated cleanings; fourth, be capabl 
a defined area. 
been reported that 85% of 
¢ applications of coatings are 
ipplied. We hazard the esti 


of rapid fitting to the part and rapid 
removal therefron It appears ther 
that the electro-formed metal mask 


vhich is electrolytically formed upor 





an equally high percentage your molded part meets all of these 
pes of coatings to plastics are equirements 

applied Whereas’ metal, Technically it does. Unfortunately 
d other materiais are fre Hamilton E. MacArthur nowever, i technically strict obser 


nal, FEBRUARY, 1951 \ 









te TONY AX 





ance of these requisites upon any 
given part does not necessarily term 
nate in the desired production re 
sult on the whole run. The mask mak 
er cannot be just a good mechanic 
He must have some knowledge of 
praying techniques to design a work 
t 


able 
PRODUCTION COSTS 

What presently concerns many of 

i the actual unit production cost 

of spray decorating ten thousand, fifty 

thousand, or perhaps one million 


plece It becomes a matter of real 
concern when a part costs one cent 
to mold and two cents to decorate. 


This ratio is not too unusual. In fact, 
painting costs three times that of the 
part frequently occur. Various types 
of metal form-fitting masks can often 
be helpful. The term “form-fitting” 

the key. At the outset it is most 
mportant to remember that = such 
form-fitting tools cannot be made fron 
prints or models. The tool must “forn 
fit” the production run parts and this 
can only be accomplished by electro 
forming metal into and upon such 
pieces Tolerances not exceeding one 
half thousandths of an inch are ofte 
required effectually to seal against 
prayed paint. Motor car, radio, re 
frigerator and television manufac 
turers usually demand such accuracy 
on their high priced decorative en 
blem and trim items. On the othe: 
hand, other less expensive consume! 
goods will permit several thousandths 
triation Trom piece to piece 

Recause the three general types ol 
form fitting masks have been already 
discussed in published literature, we 
hall define them but briefly 

(1) Lip Type Mask. Where a de 
pressed design is to be painted the 
mask, besides form-fitting the con 
tours of the part, a “lip” of metal ex 
tends down the side wall of the de 
pression in order to trap the sprayed 
paint in the depressed wall. The ex 


tent of filling can be controlled with 
in reasonable limits by the length o1 
depth of the “lip.” This same “lip 
ping” principle is employed where a 


embossed design is to be protected, 
the “'ip”™ keeping clean the top ana 
it ori much as may be desired, of 


the sidewall. In the first instance, free 
sections such as the center of lette: 
O” and numeral “8” are held tt 
place by wire bridging. The same 
employed to hold the cap 
ping of embossed sections to be kept 


(2) Plug Type Mask. Where a de 
pressed desigr s to be kept clean w 


tead of painted, plugs suspended 
from wire bridging must fully fill 
uch ce pre ssed areas to forestall paint 
eakage while spraying a background 
area. The making of such masks, t 
be durable for a production run, fre 


quently requires considerable skill and 
a knowledge of the problems involved 
ona given part. When vacuum plating 


i pecified part of the de vi piug 


masks are a must in order to protect 
those specified areas while colo s 
sprayed upon other sections. 


(3) Block Cut-Out Plane Surface 
Mask. Where calibration lines or let 
tering, such as appear on many kinds 
of dials, are too small for a practical 
perfect masking, a cut-out area out- 
lining a character or group of cha) 
acters is more feasible from a rapid 
production standpoint. By confining 
the paint to a relatively small area 
economies are achieved because fewe 
wiping or buffing passes are necessary 


to clean the pieces. 


NEED FOR FIXTURES 


Frequently production can be it 
creased by using fixtures which po 
sition the piece snugly in the mask 
during painting. This need depends 
upon the nature of the piece and thi 
extent of the area to be painted. I 
those instances where paint must be 
stopped on a plane surface having 
no depressed or raised line of demark 
ation, pressure fixtures are invariably 


a necessity. Furthermore, flimsy o 
large parts which tend to wrap ol 
otherwise depart from their intended 
form require, as a rule, such pressure 
fixtures. It is sometimes possible to 
utilize the same fixture with inte: 
changeable masks for various colors 
for the same job, or even with masks 
for an entirely different job. 

Though springs, cam or toggle lock 
ng devices are sometimes preferred, 
experience indicates that air fixtures 
operated by a foot treadle are ge) 


erally better. Both hands of the op 
erator are free for productive move 
ments, thus increasing speed o 


handling; furthermore the desired 
pressure can always be maintained, 
the thrust of the piston compensa 
ting for variable wall thickness of 
pieces or even entirely different part 
Besides this adaptability, air pressure 
devices can usually be produced at 
less cost than a comparable mech 
anical fixture 

One illustration will serve to point 
up the advantage of proper tooling 
Recently a molding company was 
molding a 16 inch clear plastic tel 
vision window and painting a three 
color border thereon, Their customer, 
the television manufacturer, had bee: 
ill-advised in supplying them wit! 
lay-on masks for spray painting the 
three color borde: Because of wu 
ability to seal the pieces tightly which 
occasioned considerable wiping, the 
best production obtainable was 350 
painted pieces per & hour day. Late 
with adequate tooling including prop 
er masks and air pressure fixtures, 
costing approximately $2,800.00) the 
production was immediately raised to 
a minimum of 750 pieces and to a. 
high as 800 pieces per & hr. day. A) 
additional saving was the eliminatio: 
of one operator, One hundred twenty, 
per cent production increase with one 


less persor S truly significant 





SOME PROBLEMS AN 
SUGGESTIONS FOR 
CORRECTION 


(1) The chief basic head 
masking is occasioned by thy 
sional inconstancy of su 
molded parts even under the 
conditions. Because several] 
are made from the same hol 
not necessarily follow that ma 
be interchangeable on all thy 
\{ metal mask is not ela 

fits one piece perfectly 
another, nothing further shoul 
auired to prove a dimensiona 
sibly form contour, variatior 
color fine detail work as seer 
motive and refrigerator embl 
varibly require sets of masks f 
cavity. We suggest this prot 
he considered in your finishing 
estimates for similar work 
firms heat cure the molded piece 
only to relieve stresses to avoid 
crazing, but also to insure a n 
ferm shape for better maski: 
However, with many other iten 
particularly, sufficient latitude 
ually perm tted to allow the 
to be made so as to compensat 
some variation in the molded } 

(2) Unfortunately, the dimer 
variations apparently inherent 
material and the manufactur 
cesses are more often than not 
vated by other conditions. The 
maker fits the piece sent him. TI 
fore, only good production ru 
proved parts should be utiliz 
mask making. After the mask 
made any of the following n 
feat the best efforts of any 
maker: 

(a) Changing the amount 
temperature andor molding 
This invariably causes trouble 

(b) Changing the molding 

ic) Re-working or re-gat 
nold, 

(d) Transferring the mold t 
nachine to anothe 

The above are not always fat 
again it is well to remembe 
asks should be made fron 


proved production run pieces 


(3) Frequently, the design 


part in view of the particula 


for d 


scheme to go on it makes 
and costly masking. We kn 
nolder and color finishe usua 
ttle control of this situatior 
slight changes it the mold | 
for good mask sealing and se 
colors saves many finishing 
It is encouraging to note tl 
dustrial designers are aware 
ind consult the mask make 


the part Is put final draw 


In general try to avoid 
small intricate detail a colo 
ting with that of its immed 


ground. If this cannot be 


plan to paint such detail 


the following color masks 
penings wide than the act 
CPE J F REBR 








ine, permitting more 
before mask cleaning. Eve. 
e second color backs up the 
rule Nharmtul 
painting small 
Such S 


they 


s not as a 
when 
s advantageous. 


; 
nes 


th metallics because 


eadily 


than lacquers 01 


eeping the design of the part 


t Is generally preferable or 
pieces to paint de pressed ol 
first rather than _ the 
Here “lip” masks are 


you are consequently spray- 


eas 


behind the sealing edge of 
ss and not against the sealing 
occurs with the plug type 
Nevertheless plug masks have 
ses even on small pieces, par- 


the 
ea plastic 


depressed design 
part must be kept 
edge lighting, metalli 
vacuum plating. Also 
parts plug masks are helpful 


where 


the plugs, being suspended 
es, can move. slightly to 
saute for dimensional var 


keeping design in mind, very 
depressions having wide angle 
e difficult to seal tightly wit] 
If possible ae pth should not be 
han 1 82 inch so the plug ca 
ne body to it. If the design has 
with at least 
ell se gregated, the 


colors 


two of 


masks cat 


ide to permit spraying the sec 
mmediately after the first, 
hile it is still wet. This is pan 


with 
machines 


idvantageous 
iV painting 


automa 
animals dolls are 
half, cemented together, 
painted front back it 
ghly important that dowel 
itely align the halves fo 
nting operation. This calls 
lesigned cementing 


ent of the 


Loy and 
ad ! 
and 
pins 
the 
{or 
Mis 
defeat 
painting registration of the 
and back of the part. So 
protruding cement 


Jigs 


halves will 


alse 


seam. 


4 


\ word about the 
Many 


a necessary 


spray depart 
look 


evil 


piants upon it as 


and treat 


orphar Many jobs are spoiled 
rm Spray guns are one ol 
heapest nvestments il good 


painting nict cal be nade Phe 
wrong gurl lor tne job car Vaste 
many dollars ! paint, ncrease re 
jects and cause unnecessary nask 
cleaning. Selection of the rignt gun, 
correct size of fluid tip, needle, and 
proper air cap, considering the job 
at hand and the nature of the paint 
to be sprayed \w pay good diy 
dends 


Furthermore jobs are not to be 


sprayed With the same atomizing pres 


rhe re s ne 


ther 


sure and paint 


excuse té not 


SCOSIT\ 
dete! 


maintaining, the 


mining, and 
Same Viscosity 0 
batch of m 


operator 


each subsequent xed paint 


Be sure the does not use a 


larger thar 


te cove} 


spray 
the 


paint it w 


patter! 
vork 


unduly 


necessal 
wasting 


n ask 


Besides 


the 


load 


An unskilled operator can blow o 
flood paint past the best mask made 
May we suggest all operators receive 
some nstructiol ! prope. gul 


nanadling 


AUTOMATIC SPRAY 
MACHINES 


PAINTING 


Automatic spray painting machines 
are not new, but usually they have 
been built for a specific job or a 
imited classification of jobs. Within 
the past year ther have beer 
placed on the market achines flex 
ible enough to paint a variety of 
small parts on a mass productio! 
basis The machines are entirely 


operated by air and hydraulically 
controlled 
neath against the parts 
tro-formed masks fit {lus} 


tron unde 
The elec 


with the 


spray ny > 


machine table and parts are load 
ed manually by the operator. The 
praying automatic, but the speed 
of the cycle is controlled by a dia 
upon the control panel. In other words, 


the rapidity of painting is readily ad 
the part 


speed ol 


justed to suit the nature of 
being 
the 
ductior 
erator 


painted and also the 
As skill pre 
is rapidly The op 
with both hands thereby 
her pre 


operato! she gains 


increased. 
loads 
doubling 


immediately norma 


duction. Production rates up to 38,600 
pleces pe nour are possible Dow) 
time for changing masks will some 


what reduce the net of fir 


With 


hold the OSE 


she a pieces 


bridging 


requ I ny 
shading Ww 


occul Vit guns fixed posit 


Therefore one ty pe ol nachine t 
volves the masks 180 degrees plu: 
during the painting operation to « 
cumvent such shading. Where long 
parts are to be painted such as auto 
otive dash board grilles or plasti 
television panels another type of ma 
chine travels the guns the length of 
the work during spraying. One or twe 
colors can be applied in these ma 
chines 

A third machine has a rotary work 
table which indexes to fixed positior 
for painting. One to three colors cai 
be applied with this rotary indexing 
machine Another feature of all th: 
machines is dial control for the 
ength of time the guns are open. TI 
permits quick adjustment to get the 
amount of paint coverage desired 
Once the gun pattern and the paint 
flow is set by a supervisor, unskilled 
help can be used for loading. Besides 
production increases obtainable, cor 
siderable paint savings are also e} 
oved. It is obvious that a variety of 


parts car 





be painted by merely chang 


ng the masks and resetting the gu 
In other words, the machine does t 
have to amortise itself on one ot 
One manufacturer using a rotary il 
dexing machine reports painting 
completed animals both sides, wit! 
three colors, each minute Here 
color painting at better than thirtes 
hundred per hour 

Some machines have beer private 
built incorporating washing of the 
masks after each use 

In conclusion may we again remind 
all finishers that labor is never amy 
tized no matter how long the ru 
Proper tooling for paint finishing 
save vou dollars 
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TEFLON-—Molding and Extrusion 


By David D. James 


I. Du Pont 
Ne “ Je rsewu 


Polyche micals De pt., EB 


626 Schuyler 1ive.. irlington, 


Tetlon can be conmipresston molded or ertruded hy screw o7 ram. 








Techniques are 


unusual and production slow for this remarkable 


which is in inere asing de mand. 


plastie 


Teflon” is one of the most unusual side and outside of the “Teflo 
plastics developed in recent years. Its tion during the subsequent sint 
sutstanding properties have led to its or fusing, of the compressed pa 
ise in fields never before open to This core also promotes more 
plastic These properties include re cooling of the sintered piec 

stance to high and low temperatures, sections designed with no core 
sufficient heat transfer to sint: 


inusual chemical resistance, excellent 


ectrical qualities, and non-adhesive 


For example, service tempera 

ine ip to 500°F are possible; even so that the final piece will b 

ifter one month at 570°F only a 10 proper dimensions. The po 
to 20 per cent loss in tensile strength compressed to ‘4 its volume d 
as been noted. “Teflon” is resistant preforming. This compression 
ill chemicals except molten alkali necessary the use of presses wit! 
metals, and fluorine gas under cer ficient opening to accommodat 
tain conditions. Excellent electrical longest piece to be molded. Fu 
are shown by the fact that more, mold extensions are oft 


propert es 


Teflon” maintains a power factor 

if less than 5 ten-thousandths ove ; preforming can be done in one 
the entire frequency range now in Devid D. James and final preforming in a_s 
ise, from 60 cycles to 30,000) mega press, if desirable. However, 
weles conductors can be coated by screw even the slightest amount of pr 

tient tn te tends aco Ons extrusion or by several methods em ng is done, no more powder 

wlytetrafluoroethylene, It is pro a ag ony pene Also, certain ase added, as cracks will appear 
a iced in the form of molding powder dies eon am coated ol impregnatec finished piece between the Initi: 
7 Seepersions. added charge of “Teflon.” Auto 


ind several types of dispersion. The 








“Teflon” products have a wax-like 





cool uniformly 


Usually a 


weighed 


charge 


quired during the initial filling 


pelleting has been used on some 








1 
| 


nolding powder is white in color and , : 
. ; surface and vary in color from chalk Seite 
nade up of very small and random Fo pieces. 
. white to gray. Parts cooled in th: 
bu. shaped particles, whose size is on the egal Bache de ied til tes 
C ; Las im presence of oxygen remain. white, SMALL PIECES 
rder of 30- to 50-mesh. 
- while those cooled without oxygen ‘ r 
ewe 7 eof “Te ” « Te Tr. : . “¢ sm: jleces Made 1 entire 
” Newer forms of “Teflon consist ol turn gray. This accounts for the fact — — = 
nal table aqueous dispersions of the that individual pieces may differ in thin sections are removed fron 
” mer. T . rs are ‘ ! S i sintered at 700 F 
: wlymer. These dispersions are hy color. But color variation does not “oy ind = det at 3 
. . . ors > . t s »pe ei th 
\> drophobie colloids with negatively effect the physical or electrical prop - rayon. lng get - : 
% charged particles, and contain small erties of the “Teflon.” W na a gprs Syme 7 inche 
ms mo ££ ’ r age T yop ” s left in its mold, heated for 
& imounts of a wetting age nt to mn The handling of Teflon molding = , ( t te 
= rease their stability. They tend to powder is somewhat similar to th at 580°F to obtain uniform tem} 
, » if wos ' ; ' e through the piece, brought 
e settle if they are allowed to stand techniques used in powder metallurgy. aes hrough the piece roug 
» for a long time or if they are heated ‘alike conventional molding com- sintering temperature during a 
to about 160 F, but mild agitation will pounds, “Teflon” does not become 2-hour period, and sintered 
‘ ‘ . anera » of : : " s at 700 F. The er ‘aps 
effect a redispe rsion. Dis persions rf gradually softened as it is heated but hour it . | an id « - 
this type have made possible new undergoes a transition from the nor- mold are el ree vhile ue 
echniques of coating and impreg mal crystalline state to an amorpho - the oven, so that tl 
ating that were previously impos ous gel at 620 F. “Teflon” is there is free to expand during sint 
sible fore preformed at room temperature, Sheets and small pieces of “1 
Another form of “Teflon.” derived sintered above the gel temperature, can be cooled under atmos} 
" dispersion, consists of very fine and then cooled. pressure. Large pieces are ge 
particles mixed with a volatile lubri In the preforming operation pow- cooled under 2000 pounds pe 
int lhis polymer looks like mold der is sereened into the m« ld, raked nch for 1 to 5 hours, while s 
ng powder but feels slightly wet to to ensure subsequent uniformity of the original mold. A water s] 
the touch and can be squeezed by hand pressure, and then compressed unde) usually applied to the outsid 
nto a smooth, thin film. This ma 2000 pounds per square inch old for several minutes at t! 
a can be ram extruded, after \ loader can be used to screen of the cooling cycle. A Specia 
hich the volatile lubricant must be quickly and with uniformity. “Teflon” is sometimes desirable for re 
driven off and the polymer then sin powder is introduced through = an the cooled piece from the m« 
ed opening in the top, and then the hand Small pieces and sheets are 
These are the various commercial crank is turned. The blades break up times coined while still in 
rms of “Teflon.” From the molding any lumps and force the powder state, to gain greater accu 
sowder, simple shapes can be molded through the screen and into the mold dimensions. When coining 
ods and tubes with heavy walls ca The cap prevents powder from ente) pieces at the same time, the 
be extruded. Tape as thin as_ two ng the core. The hollow core enables must move th from the 
s can also be produced. Electrica iniform heat to be applied to the in line them up in the press very 
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r press is ciosed De 
Teflon” cools below the ge 
platens are cored for cold 
While the pressure is applied, 
s are cooled by the platens 
two minutes. By coining, 

f plus or minus 15 thou- 

s possible on a diameter of 
es, and plus or minus 30 
iths on a length of 2%. 
cedure of colning cannot be 
change the shape of the pre- 
re than slightly, and no meth- 
yet been developed for pro 

indercuts and for anchoring 


inches. 


ist ducts are used at al] points 
‘Teflon” is at elevated temp 
because “Teflon” gives off 
hat are hazardous to breathe 
« polymer is heated near or 
he gel range. Very smal! quan 
fumes are given off at 480 F, 
ippreciable quantities appea 
the “Teflon” is heated above 
Ducts should be connected to 
a i late exhaust fan to draw the 
" itside the buiding. Proper 
ons can ensure completely 


perating conditions. 


¢ SCREW EXTRUSION 


Sere extrusion of “Teflon” pow 
ess te s unlike the conventional ex 
d t technique in which plastic 


ted as it is conveyed forward 

screw. While in the gel state, 

. n” must not be subjected t 
cal working, for this. will 
cracking of the finished piece 

s reason, the screw is used to 

pact the powder while still cold, 
he powder is then forced through 

die having a long land, in which it 
sintered. Die temperatures between 
d 800° F are used, depending on 

te of extrusion. A special meter- 

g hopper is used to overcome the 
cy of the powder to stick and 
Pre-baked molding powder may 

ed to aid feed in the hopper. 

ig hardens each particle so 


aall 
he powder is freer-flowing. The 
n rate is determined by the 
of the metering screw in the 
The extruder barrel is groov- 
the back in order to obtain a 
positive thrust on the powder. 
xtruder screw is generally op 
d at a constant speed of about 
utions per minute. 
from 9 to 36 inches long are 


lepending on the size of rod 
xtruded. A brake is often ay 

the rod at :he exit to help 

iin back pressure. Rods car 
ided in a multiple die. Five or 

N H-inch reds have been extruded 


time, and even three 1-inch 
a time have been produced. 
cr extruder will produce a 

of 45 pounds in 24 hours. 
tially the same method is 
produce “Teflon” tubes with 
wall. A spacer is placed be 
the extruder and the tubing 
s plate contains a circle of 
cated on the root circle of 
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the extrude Screw lhe plate 
threaded to hold the mandrel whict 
forms the nside diameter of the tube 
The plate forms a breaker throug! 
which the compacted powder will pass 
and re-form. The material is able t 
re-form without subsequent crack ng 
because practically no slippage occurs 
n the direction of flow. As in the case 
of rod, the “Teflon” tubs S sintered 
as it Is SlOoWlL) forced through the 
long land of the die. 
RAM EXTRUSION 

Another method used to produc: 
rod is ram extrusion of granular poly 
mer. Ram extrusion is less expensi\ 
to set up than screw extrusion, and 


operates at greater rates. Since the 
ram process is a recent development, 
rod under ‘z-inch in diameter and 
tubing have not yet been made to 
any extent Current experimental! 
work indicates that the ram extrusion 


process may SOOT be considered a 
versatile as screw extrusion. Ram-ex 
truded rod is more flexible than screw 
extruded rod, as it s less oriented 
during production. 

In this method, powder is fed int 
the hopper, compressed as the ram is 
advanced by the air cylinder, and sit 
tered as it is driven slowly throug! 
the heated dic \ plug Is used in the 
die at start-up to maintain back pres 
sure. Wall friction is usually sufficient 
during operation so that braking o 
spring loading the extruded rod 
unnecessary. 

A typical cycle is as follows: the 
ram is withdrawn for 12. seconds, 
during which a charge is metered 
in by hand or by means of a vibrating 
hopper; then the ram is advanced 
a distance of 4 inches for 40 seconds 
under a pressure of 320 pounds pet 
square inch 

It should be noted that the wal 
thickness of the extrusion die is built 
up with aluminum tube in order to 
ensure uniform heating throughout 
the length and periphery of the die. 
Furthermore, the larger diameter al 
lows heater bands of higher wattage 
to be used to maintain die tempera 
tures of about 725°F. 

Rods 1's inches in diameter have 
been produced by this method at 34 
inches per hour, or 19 pounds pe: 
hour. One-inch and _ half-inch rods 
have also been made at even greate: 
linear rates. 

ELECTRICAL USES 

Three general methods are used fo) 
coating electrical conductors wit} 
“Teflon” depending on the thickness 
of the coating. Coatings less than 10 
mils are applied by multiple dip-coat 
ing in specially-formulated “Teflon” 
wire enamels based on dispersions 
These coatings always require sub 
sequent baking. Thicker coatings, 
from 10 mils to about 60 mils, are 
applied by ram extrusion of a lub 
cated extrusion powder of “Teflor 
This latter method is new and st 


under deve opment Lubricated ext? 


sion powder is first screened into the 
preform cylinder. The preform is the 
produced by little more than manua 
pressure on the end plates. A rod is 
kept in the center of the cylindrica 
preform, in order that the wire ma) 
be guided through the slug easily 
['wo-piece preforms do not appea 
very practical; once again, cracks 
may form, after sintering, along lines 
produced by the planes between pre 
form slugs. This characteristic limits 
the length of wire that can be hand! 
ed, as the wire must always be broke: 
between preform slugs 

After the preform has been placed 
in the cylinder, the wire is strung 
through the whole system. The rat 
is then advanced by the screw pres 
Ram speeds are of the order of inches 
per hour. The cylinder is not heated 
n any manner, but local heat is ap 
plied to the die in order to give the 
“Teflon” a smooth surface The die 
temperature should be kept betwee 
140 and 200°F. 

As the coated Wire comes out o 
die, a micrometetl can be used ts 
measure the outside diameter, but care 
must be taken not to squeeze the 
coating, which is still soft. The wire 
next passes through a= vaporizins 
oven, Where the lubricant is drive: 


off. 
SINTERING OVENS 


The vaporizing and sintering ove) 
are constructed in sections of tubing 
made from aluminun rod drilled 
through the center. These tubes have 
nside diameters of one inch and out 
side diameters of three inches. The 
comparatively large outside diamete 
accommodates heater bands of suf 
ficient wattage to hold the desired 
temperatures kind caps are generall\ 


’ 
‘ 


used when wire is coated, in orde) 
restrict the oven entrance and exit 
Tubing and shapes of larger outside 
dimensions than the coated wire ar: 
made without end caps The ten pera 
ture used to vaporize the lubricant 
usually around 550° F, depends on the 
wire speed and the thickness of the 
coating. Too low a temperature fa 


to remove all the lubricant, and it be 
comes baked into the insulation 
the next stage. If this takes place 
the final “Teflon” insulation wil! not 
have the electrical and physical proy 
erties it should have Too high 
Vaporizing temperature causes the 
coating to start sintering in the first 
oven, with much the same result. The 
second oven is set around 750 F. This 
oven sinters the “Teflon” insulatior 
No quench bath is used when the wire 
leaves the ovens. The wire is take 
over draw-off rolls, or a capstan, t 
the wind-up. 

Horizontal operation of such a pre 
cess has so far been found impracti 
able, but vertical extrusion both up 
ward and downward is possible. Al 
though the vaporizer should normally 
be twice the length of the sinte ny 


oven, some extruders have been s« 
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tn parallel o s of the same strength and vaporized “Teflon” has 

ngth with a sheave between ovens even lower strength. Therefore, ma 

The “Teflon” coating will not crack terial must be supported throughout 

tween ovens if a large enougl most of its length, and special care 

eave is used must be taken in passing the material 
The Wire rate on this process 1s between ovens 





mited by the 
ather than by the extruder 
nore, the thickness of coating is not 
imited by the extrusion process, but 


lubricant 
This od, the oldest one for covering wire, 


lengths of the ovens 


Further The final method for coating wire 


with “Teflon” is restricted to heavy 
coatings and consists of screw extru 


by the ability to remove sion of granular polymer. This meth 


“Teflon.” 


extruder has 


without sintering the : 
s similar to screw extrusion of rod, 


type of experimental 


vhich has already been discussed. The 
Improved equip die is usually set at a 45-degree angle 

s designed for to the axis of the barrel. The wire is 
The pulled through the die only by the 
extrusion pressure. As in extrusion of 
rod, the 
polymer until it enters the long-land 


heen capable of coating wire at a rate 
f » feet per minute 

nent now being built 
ates over 15 feet per minute 


naximum length of wire that car 
be couted depends on diameter of screw compacts the cold 


vire and thickness of coatings. Equip 
now n use is designed for a die, where it is heated to sintering 

to 5-pound charge of lubricated ex temperature 
trusion powder, about 80 per cent of The extruder screw 
hich “Teflon,” '» revolutions per minute, but 


Small rods and tubes can also be 


s operated a 
about 5 
the extrusion rate is again determined 
nade by this process. Up to the pres by the speed of the hopper 
production has been on Dies over 2 feet long are used and, 


screw, 
however, 
consequently, very slow rates are 


achieved. Six feet per hour is about 


in experimental basis only. The great 
est difficulty encountered is the handl 
ng of the “Teflon” in the ovens, as the maximum rate to be expected by 
| this method 


nhaked maternal na low tens] 
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Plastisol molding offers a simple 
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last ols were first used o u large 
al n the United State n 1944 to 
ria ! electrical cable tor use 


vessels Subsequently, the Vy, 


veer 


ind part cularly the allied dispersion 
mn products, organosols, have ex 
inded very rapidly nto the clott 
iting field Today i arge, if not 
hie najor portion of the fabrics used 


the so-called artificial leather field 
ive Coated with organosols o1 plast 
(other in port int pre sent day uses 


plastisols include coated materials 
vall and floor coverings, venetiar 
nd tapes, coatings for electroplating 
pment and small diameter ele« 


mpregnants and mold 


ca vire, co 





d automotive parts, ladies’ and chiid 


ren's footwear, molded heads, arn 
ind bodies for dolls, puppets, and C. W. Patton 
ovelties; and molded elastomeric cessing and end-use products. In get 
dustria ten uch a seed tubes fo eral, these differences result in equip 
irm machinery ment economies and diversification of 
The rapid growth of molded pla end-uses for molded plastisol pro 
irticles naturally focuses atte ducts 


molded 
plastisols to a considerable extent are 
closely related to the techniques in 


n on the techniques nvolved The diverse end-uses for 
Plastisol molding differs markedly 
om conventional injection and con 
pression molding, both as regards pro volved in compounding and molding 





In reviewing the 


arious tes 


ve have discussed, it should 
parent that most of the cu 
methods for 

and extruding “Teflon” are ré : 


recommended 


new. Some we have mentior 
still in the development stages 
mprovements have already be: 
n methods of handling “Tefl 
current work ve 
methods in the future. 
Although fabricating te 
are unusual and production ra 
atively slow, the remarkabl; 


properties 


promises ‘ eY 


nation of 
“Teflon” has caused a consta , 
creasing demand for this 

Wire-coatings and electrical 

“Teflon” have very good tempe 

and excellent ‘ 

properties, even at high frequ 


pe Sses 


resistance 
Chemical resistance has als le 
“Teflon” a new and interesting 

date for gaskets, packing, and 
Breadmaking dough rolls and 
sealer jaws are examples of 

tions of “Teflon” where non-ad 
s important. These are only a 
the growing list of uses for “Ts 
‘Teflon” 


an essential 


s rapidly gaining a p 
ndustrial plast 


astisol Molding 


method for making comple r preces 


at lou Cost. Coloring IS €ASY and the molding process requires no pressive, 


plastisols | fact, some 
end-uses for iided elastome 
compounds might well not be 
stence were t not for certa 
cessing possibilities that ar 


n plast SOLS Thus, a clea pict 


the plastisol processing tecl 
helpful in visualizing end-us: 
can best utilize molded plastis 


aucts 

Brieflly, plastisol techniques 
ibout the exact opposite 
entional molding. For exam} 
conventional molding of elas 
ny resit products proceeds 
tially as follows 

\ powdery o1 
is poured out of a bag into a 
plasticizer is poured in witl 
then the two are mixed with « 


work a 


to Insure the formation of a 


hnely grain 


ture of considerable 
ly homogeneous mass, whic! 
prope 


are desired iv the ‘ nd produc t 


r has the same 


ever, it is st necessary to gi 
dice, oO) prefor: the ‘on pound 
cilitate feeding t to the mold 


chine or press Ir the press 
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a rather sturdily con- 


vhich is the reason the word 
was stressed above, are 


converted into an extremely 


ated for intermediate hand- 


compounding. 


rIsSOL TECHNIQUE 


j 


a powder and liquid but, 
esse ntially the 
mold where, by 
homogenized, 


final physical condition 


manulactured 


material which clings to the 


are negligible or non-existant, 


compound by 


nstantaneous. Upor 


deep undercuts, 


peak, and jerking 


place rapidly because the ulti- 
particles in a plastisol are 


r, so are dissolved immediately 
heated plasticizer. Fortunately, 
used plastici- 
little dissolving act 
temperatures 


precautions are required to prevent 
premature fluxing. 

While many of the advantages the 
plastisol technique offers molders are 
obvious, there are others less obvious. 

For example, it was previously 
that the compounds could 
be prepared in paint grinding or mix- 
ing equipment. 
this, a number of paint manufacturers, 
particularly those specializing in viny] 
resin coatings, have taken to plast 
sol compounding like a duck takes to 
water. They have, in general, a wide 


mentioned 


Partly as a result of 


range of colors, fillers, stabilizers and 


plasticizers available; also a conside 


able mass of data on the light, heat, 
and age-stability, and other properties, 
of various formulations on record 


Paint manufacturers have a_ good 
background on development of various 
unique flow properties in materials. 
For instance, many brushing paints 
are de veloped with thixotropic prop 
erties which give the material an ap- 
parently high viscosity which prevents 
the paint fi 
when applied to vertical surfaces, vet 
at the same time the 
highly mobile when slight additional 
pressure IS exe rted on it. In some ir 


owing under its own weight 


material Ss 


4 


stances such properties are of value 
in plastisols used in “slush” molding 
because a more uniform deposition 
of material is left on the mold’s it 

terior when the excess plastisol s 
poured out. In other cases a high a 

gree of fluidity is desired, particu 
larly when a mold is to be filled 
rapidly, or when a plastisol is poured 
into a preheated mold and it is ne« 


to remove 


essary excess materia 
rapidly. 

Paint 
have various grinding and mixing de 


vices such as pebble mills which can 


manufacturers, in general, 


be used in dry grinding resin to give 
a range of particle sizes for special 

zed flow properties in plastisols. A 
number have installed centrifugal o1 
vacuum devices for deaerating plas 
tisols, because air bubbles that may be 
worked into the plastisol during con 
pounding or subsequent handling wil 
of course, cause voids in the finished 
product. 

To sum up, in addition to having 
a basically simple technique to maste) 
the plastisol molder immediately i: 
herits the 
specialized 


color-matching and other 

tec hniques and = services 

built up by paint manufacturers ove 

a period of years. 

FLUIDIZED 
Since the 


essentially a “fluidized” process, the 


plastisol technique s 


product on of highly plasticized rub 


+ 


bery end products does no present 


the normal granulatio and hoppe 
feeding proble ms. As a matter 
fact, the more highly plasticized plas 
tisols are exceptionally easy to handle 
because of their great fluidity. Cor 

versely, DY selectior of proper particle 
size resin and blends of plasticizers 
It is poss ble to make pasty compounds 


containing 2¢ plasticizer which have 


a Durometer “A” hardness of around 
100 after fluxing. It is also possible 
to increase hardness by loading the 
plastisol highly with fillers. 

The relative fluidity of plastisols, as 
compared to conventional elastomer 
molding compounds, simplifies colo) 
matching. It is possible to take star 
dard colors and mix up a pint or a 
drum of material with simple stirring 
n which the various colors are added 
the desired shade. Color 
furthe 


cause the plastisol is exposed to higt 


to produce 
problems are simplified — be 
temperatures only during the rela 
tively short fluxing period. Likewise, 
sponging or foaming agents, such as 
ammonium carbonate, can be mixed 
n and not be “gassed” prematurely 
by elevated temperatures as might 
be the case in conventional compound 
ing. 

The fluidity of plastisols makes it 
a simple matter to add materials suc! 
as luminescent pigments which would 
normally have their crystal structure 
damaged in high-pressure intensive 
compounding. Abrasive 
step pads and the like 
chew up 
equipment can be simply stirred into 
a plastisol. The fluidity also makes 
possible to use delicate mold 


materials fi 
which would 


conventional compounding 


nserts 
that might be damaged or deranged 
by conventional molding. 
IN SITU MOLDS 

Still further, it is possible to use 
nternal molds, with no external part, 
simply by dipping the mold in plas 
tisol, fluxing, and stripping the finish 
ed article off the mold or form. Var 
ious color effects can be obtained by 
multiple dipping in various colors 
This dip-molding process has brought 
on a related technique where no mold, 
as such, is required. For want of a 
ready-made word, the technique has 
been dubbed “self-molding.” (Pos 
sibly “in situ’ molding would be a 
more elegant term.) 

Items such as automotive light 
socket assemblies, which are normally 
protected by a molded cover or n p 
ple that 
now have an individually-tallored, re 
movable cover which 


is slipped on after assembly, 
is made by 
mersing the assembly ihe prope r deptt 
n a plastisol, removing, draining, 
and applying heat to flux the plasti 
sol. Snug, dust-and-water resistant 
though there 
may be slight variations or defects 


the parts so covered. This technique 


fits are obtained ever 


not only eliminates mold cost but als 


eliminates the costs nvoived i t 
moving forms from a old, handling, 
and subsequent cost of putting the 
cover. or nipple ! place ove! tne 


assen bly. 
In addition to the processing prop 
erties and possibilities, there is, a 


has been previously indicated, a wide 


range of physica properties obtan 
able with plastisols. An indication « 
now these propertt s Vary Is give! 
by a compa Sor ot tne properties of 
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es of simple plastisols after flux 
all containing 1% of stabilizer, 
phthalate as the sole plastici 


and varying in dispersion resin 
‘ from 50 to S57‘ The Duro 
ter “A” hardness goes up fron 


63. The tensile strength goes 
from 1400 pounds per square inch 
1800 and conversely the percent 
mgation decreases from a figure of 
lite soy) 

Special relationships between hard 
and elongation, or speed of re 
very, may be obtained by blends of 
different solubility 
teristics. Plasticizers, such as 


plasticizers of 
charac 
the polyglycol derivatives, which may 
ot have sufficient dissolving action 
to be used alone, may still be used 
n small amounts to increase the fluid 
of the plastisol without much addi 
tional effect on the softness of the 
nd product. In connection with plas 
ticizers’ effect on 
sols, some recent experimental work 


viscosities of plas 


if interest A numbe of plastic 


Large Moldings Symposium— 


Zers vere nade up nto plastisols 
vherein the resin to plasticizer volume 
ratio was kept constant and their vis 
cosities measured. These were then 
compared with the viscosities of the 
plasticizers alone. There was prac 
tically a straight-line relationship be 
tween the corresponding viscosities. 
This, and work on the ultimate par 
ticle size and structure of dispersion 
resin agglomerates, indicates that 
many of the flow properties of plas- 
tisols are simply a matter of geo 
metry and physical properties rathe: 
than chemical interactions. This con- 
ception is of course altered when 
dealing with plasticizers which may 
react with themselves and undergo 
further polymerization in the fluxing 
operation. 

There are many additional technical 
aspects in the formulation and appli 
cation of plastisols, such as the selec 
tion of pigments, fillers, stabilizers, 
mold release agents, and bodying 
agents, but in summation the plasti 





sol technique is basically a simy 

a mixture of small particles . 7 
suspended in a plasticizer is 

moved into position in a m 

there by heat alone “compour 

fluxed into its final physical st 

shape. 

By using a number of 
molds on a conveyor or turret 
it 1s possible to obtain pro 
rates that compare favorab 
the out-put of an injection 
machine. By using only a fi 
cost molds it is possible to wl 
mold cost even on compat 
small runs. This flexibility 
cessing, as well as the range 
sical properties obtainable, 
plastisol molding a valuable a 
for those now engaged in ir 
and compression molding T 
can be more than an adjunct 
lustrated by the fact that ; 
molding has encouraged the 
and been the basis for succes 


newcomers to the molding field 


Phenolics for Large Moldings 


By Frank J. Donohue 


Vonsanto Chemical Co 
Spring field, Mass. 


Ve ry large moldings such as television cabinets bring special prob- 


lems in materials properties, mold construction and product design. Re- 


pe dies for SOME 


Television cabinets are the big 
others of the radio cabinets of to 
day and yesterday, They evolved in 
i sermes of steps Like “children of a 
arger growth,” they have presented 
ma larger scale many of the molding 
problems already encountered with 
their smaller brothers, the radio cabi 
ets, plus some new and puzziing 


nes peculiar to themselves 


The most important of these prob 
ems have been: plastic flow, mold 
elease, molded appearance, 
\. Flow 

In order to mold a cabinet 18” wide, 
”” high and 17° deep without using 


strength 


normous molding pressures, the ma 
terial must have special plastic flow 
propert This is even more true 
vhen one undertakes to produce a 
ibinet such as the Admiral console, 
veighing approximately 42 pounds 
ind measuring 34 inches by 18 inches 
Long flow alone is not the answer. 
We have had long flow phenolics for 
ears, but these were usually also 


slow flowing and slow curing ma 


What i needed in this case is a 
rapid flow material, which will com 
plete ts flow in minimum time and 
then set hard. You will appreciate the 
need for rapid flow when you realize 
that t is necessary to squeeze 16 


ay enty Sir 


production difficulties are 





Frank J. Donohue 


to 35 pounds of material, that is be 
coming momentarily more viscous and 
infusible, up into four narrow spaces, 
20" x 18” and only 316 to % inch 
wide between the force plug and the 
cavity walls, in about 20 seconds. 
The need for rigidity of set is 
equally apparent, when you conside) 
that a concentrated pressure of 20 
to 40 tons is applied momentarily 
through the ejector pins on the ‘4 
nch wide edge of the piece at the 
beginning of ejection. If the piece is 


suggeste d, 


not extremely rigid, it w 
varp or break on discharge f 
mold. 

It was necessary to spend 
able research laboratory time 
many sweaty hours alongside pr 
arge and small before the right 
characteristics were developed 

In figure 1 are drawn som 
nary curves, illustrating th: 
of thermosetting phenolic mat 
vith respect to time. The “Idea 
Curve” shows the type of fi 
molder desires and needs for p! 
day large compression and t 
molds. The curve is quite flat 
cating extremely rapid flow. TI 
time is measured by the vertica 
cept, OA, from the origin t R 
point of inflection of the curv 
flow has practically ceased. 

This is the ideal toward w 
terial suppliers have been work 
recent Vears, in their efforts 
ply the “softer and faster” 
that has been the molders’ dr 
i long time past 

Curve =3 is characteristi 
type of flow that occurs in ma 
now furnished for molding 
vision cabinets. The flow time 
OB, is somewhat longer, the 
rate less rapid than for the ide 
terial, but markedly better 
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IDEAL Fiow CUavE 





1- STIFF FLOW 
2- MEDIUM FLOW 


3- MEDIUM - SOFT 
FLOW 





FLOW - INCHES 


FLOW CHARACTERISTICS OF GENERAL PURPOSE 
PHENOLIC MATERIALS 


and 2. These latte) repre 
low-time characteristic of 
stiff and medium flow ger 


pose materials. Here the flow 


. a ; 
nger but the total flow less 
the television cabinet n 

flow curves, althoug} based 


al experience and abi ratory 
nents, are considerably ideal 
hey llustrate, however, the 
rates needed on these new 
cations. It should be en pha 
that smooth, uniform flow 
ed for best results. Any te! 
the material to squirt or 
evenly at different points it 
d, leads to a variety of troub 
uding color segregation, dis 
of mottle pattern, where mot 
iterlals are used, and porous 
filled, low density areas it 
, ising. 
far from my _ intention to 
e the very effective role of 
¢ preheating in molding thes« 
ibinets. This is vitally neces 
nd the introduction of newer, 
efficient preheaters that heat 
amounts of phenolic material 
has been an invaluable cor 

n to this whole program. 

K. Mold Release 

having molded this 20 to 40 
abinet, the molders next task, 
etimes a troublesome one, is 
the mold and get the piece 
thout using sledgehammers o) 
s, or chilling the mold wit} 
ter after every shot. Molders 
axiom that no part is too 
ited to mold, but some parts 


emoved from the mold afte 


sion cabinets, because of the 
nd the large amount of su 
a compared to the wall-se« 


esent special proble ms of mold 
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release. Adequate lape and \e 

polished mold surfaces are a must ! 
order to fac tate opening of the mold 
and ejectior if the piece I will leave 


to the molders ar \ debate concerning 


the relative erits of converging and 
parallel tapers; I hesitate also te 
ake any nen recon mendatior or 
minimum taper. | would suggest tak 
ing as much as the design and toie) 
ances will allow, and pro aing at 
least ! degree, 0.0087 nches pe 
nch of dept 

Ever vitl sufficient taper, Vel 


polished mold surfaces and a suitable 
material, a pull-back pressure of 4!) 
tons may be required to open a big 
cabinet mold, particularly when it is 


new. If the material is not suitable, 
you may well lock the mold up tight 
If you are a material service man and 
this happens to you while testing o1 
a new mold, try to remain calm and 
think of some soothing comment to 
make when the molder stares at you 
vrathfully or reproachfully and says 

“Well, what do we do now?” 

We have found, as the result of a 
few such painful experiences, follow 
ed by a lot of head scratching and 
laboratory work, that good mold re 
lease on these jobs dept nds on prope 
lubricant content and good rigidity 
in the material, and above all, or 
using the proper flow for the job. A 
material that is too stiff, although it 


may fill the piece, is much more prone 


to jam the mold than one which is 
too soft, pre bably because eXCESSIVE 
back-pressures and wedging forces 


are set up as the mold closes 
C. Molded Appearance 
Lumped inder this tert are a nul 


ber of phe ena such as colo Seg 
regation, surtace streaking, orange 
peel and sink arks, to name but 

few These may be due te materia 
properties t« feutures I ne « ft 


net desig hey are equally trouble 


some in either case 

Many of the television cabinets 
so far produced have been molded 
from walnut or mahogany mottl 
colored phenolic materials, to simu 
late wood grait effects lr certal 
cases, to everyones’ discomfiture, the 
cabinet instead of displaying the cor 
trasting color striations or burled 
mottle effects desired, will show mud 
dy areas Where the component colors 
have blended together, or a “peppe 
and salt” effect where the color con 
ponents show too little blending, and 
stand out in small discrete spots 1 
the finished piece 

The ble nding nto one Nn uddy, con 
posite cdlor usually occurs when the 
material used is too soft, or the grat 
ulation of the components too fine 
The conditior s usually overcome b 
using material of stiffer plasticity. and 
somewhat coarser vranulation. De 
creasing the preheat often helps by 


x a 


producit slower. more unifor 
+) 


Ow n the mold 
The pepper and salt effect is sually 
a function of the cabinet design and 


not readily eliminated by materia 


changes. It shows up where flow of 
the material s slowed ip or inte 
rupted in passing around cores and 


pins in the mold which form louvre 
tube and dial openings 

Abrupt contour changes at these 
points should be avoided in designing 


the cabinet. These openings must be 


pro ded, but transition curves, ger 
erous radi and rounded = surface 
should be used as fully as possible 
to minimize these flow blocks. Loca 
tion of the materia charge ! tne 
old s mportant, and frequent 


change n the placing of the preforn 
when loading will eliminate « 
prove this condition 

Excessive orange peel or dogskir 
n the surface of the piece usually 
indicates insufficient back pressure 
hecause the material is too soft, flows 
too rapidly, and escapes too readily 
when the mold closes. The remedy 
s to use a stiffer material 


Dull Spots and streaks on the cab 


wt surface may result from a nun 
ber of causes. One, which s [ess oft 
vious and sometimes overlooked, 1 
moisture which has condensed on the 
top electrode of the preheater and 
dropped ol the preforms Excessive 
preheating causes a somewhat sin 
lar effect. The remedies are self-e 
dent, once the cause is recognized 
Most television cabinets contain in 
terior ribs to provide mountings for 
the chassis and, in the case of the 
latest models, to hold the aerial which 
s fastened inside the cabinet. Thess 
ribs, particularly if they are of heav) 
cross-section, frequently cause sink 
marks or ygroove-like depressions ot 


tt 


le opposite surface 


This is of minor importance in the 


case of the chassis mounting ribs 
which are usually on the botton ol 


the cabinet where the sink marks are 


ete aA 


~~. 


tn 


The UL 








‘ ght. The othe: ribs, however, designers aesthetic sense, the or iy priced home appliance and t} 
I 


isually traverse the interior of the other remedy so far found is to re yurchaser expects full valu 

p or sidewalls, where the sink duce the mold temperature and the outlay, including a cabinet 

irk ire plainly visible and very amount of preheat, thus slowing dow? withstand all] reasonabl . 
bjectionable, particularly if accon the flow of the material and reducing sage 
par ~ b I rapas-occcg and distortior the differential shrinkage at the crit 2. Some of the circuits in te 

the mottle pattern cal sectio 

lhe rate tle cause of this dif "Shaiceoias ly thi is frequently SS ae ee ee 

aia y» us | qUentry to 18,000 volts. Breakage of 

ilty, and its solution lie in the cab only a partial remedy. It may de 

net design. To avoid sink marks on crease but not vholly eliminat. the met spon oe ms bg ” . 
the surface, the width of the rib, at objectionable sink mark. On the othe erous shock nazar This ps \ 
the root or point vhere t joins the hand, it will almost certainly Increase should certa my guarded 

all, should be no greater than the the cure time, cut down production in the cabinet comngt 

idiacent wall section: the height from the mold and therefore wring . Televisior issemblies are 
should be kept to a minimum, pre anguished cries from the molder and erably heavier than radio sets 
ferably not greater than twice the set manufacturer. In this case, ce? S greater danger of cabinet 

ill section tainly, preventive rather than corres age during final assembly due 

Where some other design considera tive medicine is more desirable. proper handling 

on prevents this, the sink mark D. Strength Proper strength n these 

4y usually be masked by a decora The problem of providing sufficient s not a matter of luck or gue 
tive bead or flute on the outside sur strength in a television cabinet should t can be provided by following 

we over the rib be no more difficult than in a smalle: design practice—adequate and +4 

If this stratagem cannot be used, housing. It is, however, more impor form wall sections and proper 
either because it interferes with some tant for a number of reasons fillets and radii, to avoid lo 

the design feature, o) iOlates the l \ televistor set s a higher concentrations 
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Styrene in Large Moldings 


By Sanford E. Glick 


Vor santo Chemical Co. 
Springfield, Mass. 


The suitability oT styrene fo? large moldings is hecoming more ¢ 


dent and attractive. Its applications in refrigeration and other telds are 





on the rise, 





4 \. Dimensional Stability rene plastics in such applicat 
Cc One of the first requirements for containers, housings, refi 
ree moldings is dimensional sta parts, and other components 
‘d bility Any changes in dimensions it projected area, where no warp 
¢ the large industrial pieces would oby be tolerated. However, the imp 
: ite the use of plastics on such jobs of operating temperatures sl 
L There are many factors which con be overlooked Thermoplasti 
t: bute to dimensional stability of terials will distort wher 
*s plastic materials. Since plastics are temperatures are reached 
° 
e- NY omnes A 0 camp Boars 2A. Heat Distortion Tempera 
wey Water Absorption, Flammabilit 
degree of instability not usually en 
ountered with metals. The measure ' Data on water absorptior 
nent of dimensional = stability Is, flammability, as indicated by 
herefore, of prime importance to the = aiso of prime mporta 
designer and user of plastics, since berecuing materials fot eng 
such data provide a basis for design applications, especially in large 
idjustment which frequently is th Ings " 
lifference between success and fail : The maximum operating te 
ire. Thi ; particularly pertinent to Santord E. Glick ture of molded thermoplast 
inge moldings. What is meant by d 6. Velatilization of components depends upon the design of tl 
onal stability? We find that d such as plasticizers sustained load and the pres 
ensional stability can be classified 7. Presence of internal strain strain in the molded piece 
inde numerous headings and is a Inherently stable plastics can be Industrial products molded 
netlo Of one ind al of the fo defined is thos which are not rene such as radio cabinets 
wing affected by atmospheric nfluences cases, automotive parts and « 
l. Zero stress dimensional stabilits such as heat, moisture, combinations components have been knowr 
What effect do humidity, drying thereof encountered in) normal engi stand intermittent temperat 
ind cycling have when no load neerinf use high as 200° F without dist 
ipplied IA. Zero Stress Dimension Stability the molded pieces are relat 
» Heat Distortion Temperature In selecting a plastic for an engi of strain and the proper heat 
Cold Flow heering application, its dimensional tant formulation of styrene 
4. Effect of te mperature on phy stability when no stress is applied Is The usual maximun safe I 
il properties of prime importance. This property temperature for general purp 
». Water absorptior explains the advantage of using sty rene molded parts is 170°F; | 
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TABLE 1 definitely if kept below the heat dis 





Wate He Ienition Tem; } tortion temperature. Also, there s 
Materia Absorptior Distort Witt Without no deterioration in properties due to 
a ren ! I ‘ Flame . ¢ } 
— ~ 2 aging for inside applications. It is 
: veneral Purpose 0.04 175-19% 653 910 g PI 
R 2 04 : nee important for the designer and mold 
les tesistant 0.0 203-23: 653 910 
—- = sin ‘ v1 er to know that once the pieces are 
59 — +e - » . , 
1.1 -o.! 115-221 SU S42 molded, no further changes in d 
0.09 Lo0-21k N74 S60 mensions will result 
0.07-0.08 142-15 680 1112 , 
I : ae ; Atle B. Strength Specific Gravity Cost 
’ I zaminat < ‘ 6- 96S . 
P Pape iminate ) 44 vt Ratio 
i es 0.1 -1.3 SYS 1130 Still another practical factor to be 
Nitrate l -2 140-164 =91 291 considered on large moldings is. the 
ratio of physical strength to specific 
° ‘ . ; ot high 
. . rray ) st. s is ratio whicl 
ay be too high for parts con- 4A. Effects of Temperature =— - we o ey th — : 
; iten at ise of a given mi 
arge stresses. Anothe: mportant consideratior ote = dictates “7 A me - hi . 
; Phe ‘ ) ‘rol i » it ut 
" for the use of plastics especially or terial on any job on able It ca 
\ id Flow % ‘ : be seen that wood ranks first. Neve 
: , large military applications, is the 
er important requirement In f theless, a number of the thermoplas 
: , effect o temperature or physical ; 
ldings is freedom from cold } tic materials such «us styrene and 


practical definition of cold properties. Most plastic materials be 
change of dimension caused 
tained application of a load 
esses the material beyond the 
t at a temperature below 


distortion point. 


: > ac ) rate also rank wel 
come ncereasing|\ brittle at owe cellulose aceto buty ite “als« ink 
d tions 


up in the seale. In fact, their posi 


temperatures. The physical properties : 
of styrene actually improve as_ the are well above the normally accepted 
temperature Ss reduced This aiso ap presen of construct -_ suct - 
plies to the acrylic plastics. In going aluminum, plywood, and bronze 


from room temperature to zero de APPLICATIONS 


of cold flow is to measure grees Fahrenheit. there is ar * Because of these properties, th 
cent change in thickness of a provement in tensile strength of 30 more dimensionally stable plastics ar 
- placed betweet parallel percent, in elongation of 20 percent, finding increasing uss n large mold 
- - > = amine of flexural strength of 30 percent, de ngs in such fields as refrigeratior 
at te or 24 oan Pable flectior o! 40 percent, and mpact radio and television, wall tile, aut 
n the results of mentateetaity strength of 20 percent This charac motive, packaging, uzhting fixtures 
a aor cr seus ae — s Pemponernns Tor the wide electrical, and display — Of the 
istant stvrene formulation has — ager wath ae and acrylics i total styrene used it 1950 it ‘3 est 
the cold Rew of & Grade I. ee ive and refrigeration applica mated that approximate!) - 10) pe 
: tions and should also be of use ! cent went Into industrial applications 
aS, waner the melee military items Furthermore, it is anticipated that 
5A. Miscellaneous Dimensional Sta- the major growth in styrene witht : 
bility Considerations the next five years Will be In indus 
TABLE 2 Still other factors which contribute trial applications. By 1954, it is be 2 
T Cold Flow toward the dimensional stabil ty are aves that - 4) percent of al ae - 
¢ } stvrene used will] be ! ndustrial ap 
Resistant Styren 0.35- 0.40 freedom fron volatil zation of « fa ae 
Purpose Styrene 0.6 - 0.8 ponents such as plasticize rs and also pan . ms . 6: 
Formaldehyde 0.4 freedon from polymerization or cu A. REFRIGERATION ,) 
Formaldehyde 0.4 - 7.0 ng after molding. Both of these fac One of the largest single users of ia 
wi Chloride 10 -82.0 tors account for shrinkage with age plastics is the refrigeration industry oe 
se Acetate 2.0 -64.0 Sine styrene and acrylics contain no During 1949, almost 5,000,000 domes st 
henol Formaldehyde 10.0 plasticizers and no polymerization tic refrigerators had built into ther & 
Rubber : 05 -80.0 after molding occurs, dimensions of more than 80,000,000 pounds of plas a 
a molded part will be ma ntained it tic. Fo 1950 the estimated consun p 3 
“ 
TABLE 3 
RATIOS OF PHYSICAL STRENGTHS OF MATERIALS OF CONSTRUCTION AND CERTAIN PLASTICS - 


TO SPECIFIC GRAVITIES AND COST 


Re 
Flexu } ~ Orde } 
ecifie Anes G 
Strenwet? ( ( s ( ( (y . 
p.s | = it 
" yellow pine 12,700 16,000 0.65 O.02 20.200 1.010.000 (1) 
13,000 9,500 2.60 0.80 5,000 62,400 (2) 
ibber 12.000 7 000 L.30 0.19 9 200 48.400 ( 
colored 10,000 7,000 1.06 W315 9,400 }0,000 (4) 
plastics-avg. 10,000 7,500 1.38 0.25 7,200 28,800 (5) 
e acetate butyrate 7,500 5,000 1.28 0.52 14.400 OT TK) ( 
12,000 22,000 2.70 0.16 4.400 27 500 q" 
(1:3:3) S00 <0) 2.1 0.00% 22) 24.500 (R) 
1¢% Mm.) S000 4Y HO Ub oL0Y 11.800 17.40 (4) 
e acetate mid. pwd) 8.000 6.700 1.32 0.40 6.100 15.200 (10 
al steel-O.3° carbor 33.000 R500 7.R5 oo 4.200 12.000 (1] 
15,000 47 C0 Ss SU 1¢ 1.70 O60 ? 
14,600 TUR UL 14 60 12,84 ROM ( 
ethacrylate 7 000) yO 1.18 80 5.900 7 40M (14 
bronze 12.000 120,00 SS] O345 1.400 1.10 
1,852 iM 11.54 U.12 Lt 1.30 16) 
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erserrrencityw OL W 


“ee 


Geter ue =& 


feor ‘ ‘ preatel Amounts 

2 O00 000 refrigerators and 140,000, 

wm pounds) In this fie ld, large nye 
olded tems first appeared 


i extensive degree 
sound economic and practical eng 


eering considerations 


ipplications in refrigeration. Of the 


iny materials which plastics are re 


placing are the following; hard maple, 


etal, porcelain enameled sheet stee 


glass, aluminum, rubber, die castings, 


ind plated metal stampings. A conse 
juence of this replacement has been 
hetter refrigerators with more stor 
ige space, lowe) operating costs, 
myer life, and less maintenance. It 
has definitely been established that 
plastics serve as more efficient ma 


terials in those instances where they 
nave replaced the materials mention 
ed above Another corollary to the 
growth of plastics in refrigeration 


has been the effect which the refrig 
rator manufacturers have had on the 
technical and market deve lopment ot 
the plastics industry. By their en 
thusiasm for laminated plastics doo 
ners, they have helped foster ar 


mproved laminate Also, partly 
through the demand for larger the 
noplastic molding machines came the 
esult of bigge improved 
old making and better molding tech 


que In one of the 1948 Crosley 


presses, 


refrigerator models, 97.5% by weight 
of the plastics used are for structural 
ind functional applications, while the 
emaining 2.5‘ goes into parts used 
olely for decorative purposes. In this 
particular model, the use of styrene 
ind laminated phenolics is practically 
qual on a weight basis, each type 
if material accounting for approx! 
ately 49° if the total. The balance 
f 2% was made up of acrylic, urea, 
phenolic, and cellulose acetate. As a 
further comparison, the total plastics 
veight of 18.28 pounds was 5.54° of 
the total refrigerator weight 
One of the Crosley 1950 refrigera 
employes 58 different plastics 
parts. In this particular model, a total 
if 24.135 pounds of plastics are used, 
if which 17.546 pounds are styrene 
Since the largest refrigerator manu 
factured by Crosley in 1941 used plas 
th n only a minor role, it can be 
seen just what trend has developed in 
the refrigeration industry 
Plastics have replaced glass on 
such parts as meat storage trays 
(;lass suffers from such disadvantages 
ve weight, high breakage, 
ow resistance to thermal shock, and 


is eXCceSS! 
susceptability to chipping, with the 
possibility of glass slivers entering 
the stored meats or other food. Also, 
t was found that breakage during 
shipment on glass trays ran very 
high. In contrast, breakage on sty 


rays has run less than 0.2% 


. ‘ 
erie 


Plastics are particularly good from 
the standpoint of heat conductivity, 
ind hence may be used where a ther 


o-break is required. Furthermore, 


dictate the 


ever increasing trend toward plastic 


1 
teel, 


the possibilities nherent n large 
molded pieces enabled the refrigera 
tor maker to eliminate certain assen 

bly work by replacing as many as 
four or five parts In a previous assen 

bly with a single piece of molded 
plastic. So too, plastics have unlimited 


decorative possibil ties 


ADVANTAGES 


As fai as replacing stamped, 
enameled metal with plastics is cor 

cerned, there are distinct advantages 
The plastic pieces have the advantage 
of light weight, freedom from odor 
and taste, resistance to chemical and 
moisture attack, warmth to the touch, 
and surface and color permanence 
Also, njection molded pieces have 
definite 
they can be 


design advantages in that 
snapped into positior 
easily in a fraction of the assembly) 
time required for metal components 
Enameled metal refrigerator parts 
also suffer from the disadvantage of 
chipping and allowing food particles 
to accumulate in the crevices and 
cracks. Such an accumulation even 
tually leads to distinct food odors 
Since colored plastic parts have colo 
permeating the entire mass, there is 
no possibility of lacquer chipping off 
and presenting the same difficulties 
From an economy viewpoint, plastics 
are also of interest. On some plastic 
parts, it is estimated that some of 
the pieces would cost at least 's more 
in anodized aluminum. The cost of 
porcelainized sheet metal would also 
be considerably higher than similar 
parts molded from plastics 

With respect to wood, plastics ex 


hibit distinct advantages in reduced 


moisture absorption, and improved di 
mensional stability. Furthermore, 
simplicity of fabrication and assembly 
operation as well as elimination of 
lacquering are other reasons fo 
using plastic to replace wood = on 
breaker strips. 

Rubber has been replaced in a nun 
ber of instances in refrigeration by 
such plastics as phenolics, urea and 
styrene due to lower cost, wider colo) 
possibilities, and dimensional sta 
bility 


CABINETS 

Another trend in refrigeration is 
the use of styrene for ice-cream cab 
inet lids. Large moldings up to 500 
inches in projected area and weigh 
ing 
Originally such parts were made 
from a molded hard rubber frame, 
aluminum bottom, and stainless steel 
top. The superior performance of the 
plastic lids stems from the fact that 
it has less tendency to sweat in 
humid weather than the old lid, due 
to its lower conductivity. Furthe 
lighter in 
veight, costs less and has improved 


2's pounds have been produced. 


more, t is essentially 
efficiency Styrene also lends itself 
to a much more attractive appear 
ance, inasmuch as it can be molded 


to contours difficult o7 impossible to 





achieve with materials former 
The unlimited color range of 
also provides a distinct ad 
over the dark shade formerly 
able with rubber. In conjunct 
styrene for use in ice-crean 
lids there now are employed 
of foamed styrene for insula 
well as elastomeric vinyl n 
for gaskets 

The recent advances in the 
plastic in refrigeration by mn 
represents the final goal. W 
availability of larger molding 
ment, consideration now S 
given to molding plastic food 
With integral 
molded outer door and_= shel 


panels. Simila 


real interest. Possibly such ite 
be made through injection 
An inner door panel with a pr 
area of over 1,000 square inche 
veighing 6 pounds has alread 
molded on an experimental bas 
It should be realized that t} 
of plastics for such large parts 
mprove the efficiency 
\ 7 cu. ft. ref 


generally has 7, 8 or maybe 9 


greatly 
trigerators 


of insulation in the walls. A 7 
refrigerator would perhaps bi 
cu. ft. refrigerator if insulati 
116 inch thick could be used 
sequently any trend from meta 
plastics would insure bette) 
available space in refrigerato) 
Although the concept of ana 
tic refrigerator may at th 
seen over optimistic, nevert!? 
continued steps towards utiliz 
full advantages of plastics mat 
would contribute toward bett 
frigerators. Certainly the expe 
of the last 10 years points tl 
toward eve) 


increasing use ol 


tics in refrigeration. 


B. RADIO AND TELEVISION 

Another field which employs 
injection molding is that of rad 
television. Although the comp: 
molding field has been the lead 
producing large parts for rad 
television cabinets (parts we 
up to 42 bs. each), neve 
there are a number of parts cu 
being injection molded which a 
of large proportions. A nun 
colorful possibilities have be 
ploited in the radio cabinet fi 
njection molded styrene parts 

As for television, we ‘ind tha 
of the lenses currently being 
television sets are of injection 
styrene. Lenses for the 19” tul 
currently in production. Also, 
ber of television masks of 
sizes have been satisfactor 
tion molded. The weight of ea 
goes as high as 3 lbs. 

At present there are no 
molded television cabinets. H 
one large manufacturer is 
ting the possibility of produc 
moplastic television cabinets 
ally the main problem to be o' 
s reduction in temperature 
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peration of the set. Witl E. MISCELLANEOUS Another striking 


application of 
r the Injection molding equip There have been other cases ere rene is In the display field 
g ently available, it should be aro , a ae aaa : -" : 
I 1 cal eee olded parts have TV, MILITARY APPLICATIONS 
, yh } ) ’ ) eTs 
injector nold cabinet been used to advantage 4 circulating r ; 
to 20 lbs } With the recent oblization p 
ip to 20 Ibs. floor fan is illustrative. With inje 
‘ F ‘ . : : : gram rolling into high gear, interest 
adio and television field, or olded parts proved dime 
’ | Ss no me TOV ma ‘ , S 
istics have replaced glass, sion: ial : oi ow d cted vVard adapting pla 
l al ib i educ I wel ‘ ‘ 4 ’ ‘ > P 
d metal. n ainly because of of 17 * yn des t naulat , tics oO Mary applcat ons “as 
. = . - ‘ ’ ? tes that last S : ‘ 
st, better dimensional sta- safe and efficient operation, manu expe d nce _— a , x ies ha 
. . Se)! . us ! ons the S 
d ease of manufacture. I) facturing economies. and resistance t¢ erved useful functior n the case 
eae ’ ; f the Signal Corps flashlight housing 
nstances, the improved elec noisture are obtained. The top piece I / 
t as our at th I st \ s 
perties have also played a of the fa has a projected sine p t Was found tha he pla c Was the 
oo most foolproof part f the assembly 
aaew? SQ ! oT . 
¢ ALTOMOTIVE eT : The metal components caused he 
' Still anothe eXamMmple of igre ! most trouble lu rrosio ‘ 
se aceto butvrate nas played ect : i ; ’ : \ u aque ‘ cr i 
A . . CLIOTI molded marts Ss that ‘ y > WINnts 
tant role in the productior callie bed , ‘ ’ eakage at the | 
. TiUIOSe ACCLALE n ary el Welp 1 : 
ng wheels. In 1949 Nash em- , } ah ' : Molders should direct their effort 
‘ ng 14 lbs. To our knowledge, this is , 
{ pounds of styrene in the , oward using plastics whenever pos 
4 ° . ne largest nyectior ded piece t . 
urd. Numerous acrylic parts lat , sible. Many military items which are 
2 aate . . 
ling d their wav into the automo currently being die cast out of ine 
> lrawing insti r) nts wh er } } 
t d. Again, the engineering, low Dra ; os LICE saab aluminum alloys could be very easily 
, . s Bai ‘nS T tole : S re | } 
d ease of fabrication prope: close dime —_— wasn’t ™ 4% produced by injection molding. Mark 
} res | t é rf ri? l ur ) lee 
the thermoplastic materials decay nap tal res eee ed savings in cost, in some instance 
tions tor the rmopilastics Here e find ‘ ¢ ( } 
imental in their choice. amounting to 50%, as well as othe 
= stvren ac! s 1 son of the 
Dp. AIRCRAFT yrene, acryi and t U advantages in productivity could be 
the largest injection molded awe Sonn styrene copolymers being effected. The in pending shortages 
; } ; us to a Wide e nt j , } 
date is being employed it ised to a Ge ext die casting materials should act a 
es. a batterv case. whicl The thermal insulation properties an incentive in replacing these critica 
lbs. One molder produces of styrene are also used to good ad materials with plastics. One such at 
one shot whereas anothe) Vantage in thermosbottles tempt has already been made in 1 
produces it in two pleces and Still another field using large mold plac Ing a zinc alloy dun my nose pl 
the parts together. The sty ings is the lighting fixture field. Not for 40 mm anti-aircraft projectile 
vattery case is lighter in weight only are thermoplastics such as sty) vith plastics 
res less spac thar othe) rene and the acrylics being ised fo) The military requirements should 
lead, acid and rubber bat ndoor lar p zg obes, but we al nnd also prove a fruitful field for arye 
In addition to this battery, a that some street amp bulbs vitl njection moldings. Such items as for 
f other batteries are being thermoplastic parts lave give su lockers, bread boxes. containers and 
d for the communication fleld. perior performance Again, tne ! housings for various items such a 
es cases weighing 3 Ibs. are herent properties of the thermoplastic typewriters can now be molded on the 
being molded for Westen materials t responsible f the. existing large injection molding n 
( Uus¢ chines 
By Earle S. Ebers 
Naugatuel Chemieal Div. | N R ihibre ( 
Naugatuck. Connecticut 
The versatile polye sters have a great range of applications in niold 
ings, laminates and pottings. 

HISTORICAL INTRODUCTION Th development brought the price 
“1 a very significant happe of phthallic anhydride down fr 
recorded when Watson Smith $2.85 per pound in 1916 to 46 

d obtaining a resin-like sub 


1920 and Ll8e in 1930 


ipon heating glycerii and It did not take long for the out 


anhydride tozether. standing qualities of polyesters aj 
fact may have activated the quick drying durable — finishe fo 
laboratories of the Gren woods and metals to become recog 


ctric Company or it may not; nized and the usage of these materia 
in 1910 they began a study 

glycerin, phthalic anhydride 
bodies. Their researches cul 


in 1916 in the commercializa 


grew fron 138,000 pounds per ye 
in 1917 to over 138,000,000 pounds pe 


vear in 1944 


During th period of expanding 
he resins as surface coatings. usage many) ariations were ntre 
rent with the General Elec duced, among which were resins co 


earches, studies by Messrs 
d Conover of the U. S. De- 

of Agriculture had pe 
direct oxidation process fo 


taining’ maleic, an unsaturated an! 
dride, for all or part of the phthalic 
anhydride. In addition, other outlet 





than surface coating vere beir 


‘ y? 
Bm Cf 


inhvdride from naphthalens Earle S. Ebers 


stantly sought and these resi: had 
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en tried as binders and impregnants 
irly to the phenolics. Their rate 
of cure was so slow however that de 


pite thei good ayving and electrical 


jualities they did not receive con 
ercial approval for this type of 
age 

The discovery of C. Ellis in 1937 


that the addition of unsaturated mon- 


ners to these resins would increase 


their speed of setting by 30 fold o1 

ve was highly significant since it 
brought the excellent properties of the 
ilkyvd nto the commercial curing 
inge of binders and saturants fo 
fibrous fillers such as glass, cotton, 


sisal, paper, leather and = synthetic 





= 


Polyester Sheet is Tough and Transparent 





Time went by and a new very re 
wtive ester was developed from allyl 
alcohol. This allyl diglycol carbonate 
vas introduced in 1942 in cast forn 


s 
SP me Peo eee 


3 


is a glazing material for aircraft. Its 


Le idvantages as a binding material for 
e 1ircraft laminates were quickly recog 
_ zed and the demand for it soon 
ge: sutran the supply so that alternats 
r naterials were sought. Resin sup 
e pliers then remembered the exper) 
< mental discovery of Ellis and it was 
Gg taken from the research shelf and 
es ny i into commercial service 
= presse nto commercial Sel ice, 
e- Thus in 1942 polyesters as we now 
.*~ generally know them were born and 


i new class of thermosetting resins 


if the following properties was avail 


C,ood 2 ging 
LOO reactivity 

Rapid curing without porosity 
Wide viscosity range 
(,ood chemical resistance 
Good electrical properties 
Good abrasion resistance 
Wide color range 

Good temperature shock 
to 212 F and in combina 


resistance 
fron Ri) | 
on with fibrous fillers such as nylon, 
‘otton, sisal, rayon, paper and in pa 

properties 


ticular glass the above 
plus 

High specific tensile and flexural 
strength 

High impact resistance 
WAR USES 
The handling properties of low vis- 
cosity, 100° reactivity and rapid cur 


ng without porosity under none or 


Thirty Two 





a4 minimum pressure permitted that 
American production ideal of con 
tinuous operation in the lamination 
of glass cloth and ‘large quantities 
of sheet stock of this nature were 
made. These were used as support 
panels for self sealing gasoline tanks 
n aircraft. 

More complex aircraft 
such as air scoops, water and de-icer 
tanks, wheel farings and ducts quick- 
ly followed as experience with these 


structures 


polyester resins grew be- 
cause they gave 

Weight savings 

Elimination of costly tooling 

Man and machine hour savings 

Versatility 

The excellent physical and dielec- 
tric characteristics of these laminates 


versatile 


were utilized in radomes. 


WAR DEVELOPMENTS 

Experimentation on structural sec 
tions such as the BT-15 airplane fus 
elage by the AAF Material Command 
Wright Field clearly 
that polyester fibre glass laminates 
compared to metals and in particula) 
24 ST aluminum have 

Higher specific strengths 

Greater damping capacity 

setter thermal insulating properties 

Jette) nsulating prop- 


demonstrated 


acoustical 
erties 

Possible fabrication advantages in 
time savings and simplified structures. 

Greater adaptability to variabl 
gauge sections. 

These advantages were 
borne out when the construction of 
the Sikorsky Aircraft R-6 Helicopte 
cabin was changed from metal to plas 
tic with 

Over 10% saving in weicht 

Greatly reduced noise level 

\ reduction 
from several hundred to only 26. 

Approximately a 50% reduction in 
production time. 

Simple boat structures were a nat 


further 


n parts to assembl 


ural and appeared early on the scene. 

\ great development saga had been 
written and enthusiasm was rampani 
for the post-war possibilities of this 
Cinderella when the war came to a 
close and the fairy godmother was 
gone, 


POST-WAR 

In 1946 with only a fraction of the 
market (estimated at around 6,000, 
000 pounds of resin at its peak) they 
enjoyed in 1944 and 1945 the resin 
and glass suppliers, design engineers 
and the fabricators put their faith 
materials to work to 
peace 


n these new 
demonstrate that in 
time this was a major discovery of 
unlimited potentiality. 

New product ideas were developed, 
resin uniformity and quality were im- 
proved and engineering ingenuity was 
applied to yield better techniques and 
equipment as knowledge of the cha 
acteristics and kandling properties of 
these materials expanded. 

More specifically, 


wal or 


polyester resin 





rose fron perhaps 1 ( 
pounds in 1946 to 7-8,000,000 
n 1950 and these resins we 
n the following amazing va 
products. 
Continuous Laminations: 

This was the first and simp 


saies 


bondex 
cloth products found peace time 
as cargo liner and photo te 
Immediate introduction of 
laminate into the wall board ar 
rative table top field also he 
absorb some of the capacity 
machines. All these product 
survived and appear in a |} 
state today because of improv Pr 
in resins and processing tec! 

Cast Sheet and Tubing: 

Abrasion resistance and goo t : 
cal clarity are utilized for g 
while the excellent electrical « es: 
teristics of these resins lead t 
for electronic and radar equi 
Further, they replace more expr | 
amber in X-ray equipment. 

Fishing Rods: 

By applying the very high st 
o weight ratio of polyester 
parailel glass fibers to rod g 
n analogy with the 
product this new fisherman’s 


version; two polyester 


¢ 


natural ) 
Was born. 
Boats: 

This application was a logic 
tension of the armed services 
mentation in this field and wit} 
techniques commercial boats of 
versatile design are being built 
45 to 90% 
Other pluses are 


Savings n mal I . 
lighter weigl ; 
water resistance, mperviousn 
rot and worms, no annual ca 

and high impact resistance. 

Luggage and Carrying Cases: 

The abrasion resistance, 
strength properties, light we 
ntegral color lend themselves | Mar 
tractive carrying cases for n R 
instruments and luggage 
Caskets: 

The smaller sizes have beer 
ably made where ease of fab Was 
is a primary factor along wit! S 
strength and rot resistance. ‘ 
Prosthetic Devices: 

Artificial limbs and foot 
when tailored to fit must be 
fabricated, have high strengt 
mensional stability, and good « 


Lam 


resistance to body acids. 
\utomotive: 

Light weight, eass 
repairs are the main adi 


ind eco 


Competitive costs have only 
tained to date in cases such a 
fenders and electric cruis 
bodies where the total of pi 
quired was small. 
Sealant for Porous Castings: 
Excellent petrol 
ducts and thermal shock 
Lamp Shades: 
High light transmissio1 
lower 


against 


wattage bulbs. Easy 
strength and resistance to 
moisture are other features 
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( Signs: 
eathering, toughness, light- 


ind integral color contribute 


aintenance costs. 


Str Lamp Globes and Reflectors: 
ess towards sharp. stones, 
ght reflectance, and good 
resistance make this a 
actical application. 


Mutes: 

s a typical example of the 
articles which might be made 
gle piece having no joints to 


weakness unde) continuous 


Project Tools: 
ster glass laminate project 
the aircraft industry give 
me and money savings ove) 
tools and do a better job being 
ble to distortion and damage 
ce 
Large Pieces: 
size is no limitation to poly 
glass laminate structures is 
ed by the 650 pound synchro- 
ce and the 700 pound Westing 
photometer sphere made from 
High strength, good dimensional 
excellent electrical prope: 
d weight savings are additional 
Minnow Bucket: 
Another fisherman’s aid having 
ght weight, long life, integral color 
freedom from rusting. 
Moldings: 
The fast curing of polyesters has 
y molding compounds for the 
cal industry with very high 
king resistance and 30-90% great 
ductivity. Other special formu- 
give rapid production of tele- 
antenna holders and _ tough 
ful battery boxes. 
Mannequins: 
Ready formability, and toughness 
thstand window temperature ex- 
and frequent handling ar 
ties necessary here. 
Washing Machines: 
Substitution of light weight, inte 
g lor, strong, non-corrosive poly 
rlass fibre laminates gives low- 
duction costs via shorter assen 
es and fewer parts. 
Laminates for Electrical Uses: 
t arcing resistance and low 


tT? 


absorption combined = witl 
high flexural and impact strengths 
make these excellent for commutato: 


moisture 


blanks, monorail insulators and othe 
electrical applications. 


Furniture: 

The dream of a light weight, rug 
ged, warm feeling, good weathering, 
integral color material for home and 
industrial furnishings appears to be 
solved with polyester laminates 


Boxes and Carrying Cases: 

Strong, lightweight, washable, nor 
rusting and dimensionally stable it 
dustrial boxes are being made fo 
carrying bread, meat, mushrooms, 
textiles and other materials whicl 
must have careful handling. 


Industrial Housings: 

Lighter, stronger and more co) 
rosion resistant than metals, witl 
better sound absorbent and impact 
properties these polyester glass lan 
inates also cost less because of lowe) 
assembly and finishing costs. 
Chemical Piping: 

Corrosion resistance combined wit! 
lightweight and relatively high burst 
ing strength even at temperatures up 
to 425 F are featured 


Structural Laminates: 

As a new building material poly 
ester glass fibre laminates are offe) 
ing durableness, dimensional stability, 
lightweight with greater strength, 
weatherproofness, and low mainte 
ance. Windows, skylights, patio roofs 
and interior panelling are suggested 
usages, 


Pottings: 

Decorative figures, biological speci 
mens, and electrical setups can be 
readily protected even at elevated 
temperatures by encasing then ! 
polyesters and this has been done 
extensively with electrical parts be 
cause of the low moisture absorption, 
and good electrical characteristics of 
these resins 
FUTURE 

Two major factors appear to gover 
the future expansion of a product and 
they are first its ability to yield mor 
productivity per man hour than cu 
rent materials and second its ability 
to appear in a maximum number o 


desirable forms 





Man Hour Productivity: 

This factor breaks down nto the 
sum of 

(a) Man hours to produce and de 
liver raw materials to fabricator. 

(b) Man hours to fabricate end 
article and 

(c) Man hours 
article divided by the useful life of 
the article 

Now comparative to the technology 


maintain end 


of woods and some metals the chemist 
and engineer have hardly turned the 
first pages in their thinking on pol) 
esters and polyester fibre combina 
tions and if, as established in the 
1946-1950 period, these are already 
competitive in many cases can there 
be doubt as to their future potenti 
alities ? For example those next 
pages already show 

Resins of greatly mproved heat 
resistance 

Possible new glass pretreatment 
for improved strength 

New film transfer and slush mold 
Ing techniques 

New associations of current 
known facts 

This latter factor may be bette 
understood if one considers a specific 
problem such as the casting of a 
dumbbell shape. Here the immediate 
reaction is that resin shrinkage du 
ng cure will tear the dumbbell apart 
and the piece appears impossible it 
solid molds until it is recalled that 
the thermal coefficient of expansion 
of these resins is greater than that 
of metals and although the pieces 
will not fit at room temperature the) 
will readily fit at some higher temp 
erature. New trials are made and su 
cessful production of a simple re 
stricted shape attained, opening whole 
new horizons 
Versatility: 

Structures from buttons to aton 
smashers, flat sheet to B-29 duct work, 
and work trays to radomes, attest to 
the handling and physical properties 
versatility of these materials 

In conclusion it is suggested that 
application of your creative imagina 
tion and ingenuity to these materials 
will yield high rewards similar t 
those attained by the dreamers ot! 
1944 and 1945, a large percentage of 
whose ideas are now commercia 


realties, 





t of George Blum’s paper 


ng on page 8 of the January 
the SPE Journal should have 

edited to J. H. Parliman of 
rporation, whose data origin- 
ppeared in his article ‘Poly- 
Permeability” in Modern 

ng for July 1948. The over- 


as unintentional. 
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Underwriters Laboratories Viewpoint 





On the Use of Plastics 


Karl S. Geiges 


The Underwriter’s Laboratories are interested in specine applications 


of plasties only insofar as safety of person and prope rty might he involr- 


ed. Their tests and approvals are geared to safety in use. 


aking a clear and concise state 


t f the lew point of Under 

t Laboratories toward the uss 

plastr materials t should — be 

i inderstood it the outset 

hat the sol basis for having a 

vp t or opinior it all is that 

he ipplicatior : Tir n which 

ifety of life and property from fir 

ind accident hazards are involved. It 

he ire not then the Laboratories 

i no coneern vitl the k nds ot 
iterials used 


lL nde riters’ Laboratories is a nor 
profit testing organizatior vith three 
esting tations located at Chicago 
New York and San Francisco. Over 
10) graduate engineers examine and 

equipment intended for use i 
me, office and factory to determin 
hether t ; safe from the stand 

pomt of fire and iccident hazards 


Favorable Opinions, so arrived at, are 


sublished for the niormation of in 
irances and rovernment iInspectior 
iuthorities on a country wide basis 


\n essential part of the activity is 
he continuing follow-up on produc 
on at the manufacturing plants by 
es de nt inspectors Ww ho are empolyed 
by Underwriters’ Laboratories 
As mentioned previously, opinion as 
afety is the sole end of the work 


hat is done. These opinions are not 
hose of individuals working inde 
pendently, but are based on over fifty 

i! of experience in fire protectio 


ind related engineering work. Where 
there is sufficient interest in a specific 
product the requirements that have 
been established are made available 
» industry in the form of standards 
hich are ent out to manutacturers 
ind other interested activities for 
nent before being published 
Every effort is made to obtain all 
ivailable factual data, both practical 
ind theoretical, before requirements 
ire established and some of the best 
. vn research centers in the natior 


woth public and private have assisted 


+} endeavor 

Back in the twenties when pheno 
rr cle hvd and ulcanl ed fibre 
e the most common forms of ele 
ca nsulatior manufacturers of 


hese naterials submitted their pro 


lucts for nvestigation and listing 
The t vere designed to determit 
lielectric strength, moisture ibsorp 
effect of common ac ds, base sand 

rit combustibility ind echant 
engt! The problem of dentifying 

iteria vhen it Was found 

j 





Karl § Geiges 


the ‘ nd produc | 
more difficult 
n the \ ariety of 


soly ed and became 


sulating materials had little practical 
value and they 
manufacturers 


were discontinued for 


materials where 


materials continue to be tested in con 


materials be gan to appear 


basis as outlined above 


During World 


arrart ged and t 


thermoplastic 


However, we agreed that in ¢ WI 
of portable ippliances, wt 
vyreatest nterest had been 


ve would proceed on the bas : 
dividual appliance test perf 

Today we have more laborat: 

and field experience than was 

able when the decision was n 

some of the field data gives def 

dication that th: past proced 


Deen sound 


In discussing the present 

n more detail there are fo 
eral groups into which we 
vide the subject so as to pl 
clear understanding of the probl: 


Wires: 

First, there is the group of 
materials employed in wire insu 
Wire insulation has always beer 
sidered as a completely separats 
plication and not one that sh 
used as a basis for parallel act 
the field of rigid mater‘al ap; 
tions. Certain concessions tu the 
for flexibility in a cable wire 
have been made with the kno 
that this part of the wiring s 
involves inherent weaknesses that 
not be overcome by means 
with a rigid assembly. For exa 
rubber has long been recogni 
a wire insulation even thoug! 
combustible and subject to dete 
tion through aging. On _ the 
hand, rubber is rarely used it 
sulation of fixed parts of « 
devices. 

In the wire field polyviny! 

Vas introduced as a_ substit 
rubber insulation in the late thirt Hor 
The aging and combustibility 
basic material was greatly s 
to rubber, but the tendency 
flow was a matter of great 
Improved compounds and mat 
ng techniques have brought 
terial into genera ise for 
vires and flexible cords so 
detailed discussior s requ . 
those materials. There is some 


n the recognition of all the 


tic nonmetallic-sheathed cable 
duct new in this country 
ised in Eure pe for some 


that case it was felt that a 


it elevated temperatures < 
ibno i cu t I the cab 
hough ti iging lame il 





stics of the new a 





superior it was felt that 
d not balance cable failure 
t values that might occu 
under extreme adverse co1 
and a_ suitable compound 
as made. This weighing of 
s in performance of a plasti« 
against existing knowledge 
erience with other materials 

the procedure in arriving 
ewpoint we are d SCUSSING. 


the wire field is the iten 
ince Wiring material with its 
temperature ratings and ter 
toward lesser wall thickness. 
plastic compounds have taken 
80 C to 90 C then to 105 C 
ere is talk of 125 C wire. Each 
n temperature Is investigated 
some cases the requirements 
e severe than the temperature 
e would appear to require. Fo 
we require what has become 

k as the “hot chisel” test on the 
temperature wires when it is 

that the 80 C wire will not 

that test. Actually the exper- 
vith wires operating up to &0 
extensive whereas the 105 C area 

y one of anticipation, hence 

vy test tool which attempts to 

e performance at the new level 


approximation of a severe se} 


ise of nylon magnet wire as 
B insulation is an example of 
l em of the moment which calls 

ig ewhat different handling. We 
st magnet wires, but follow 

perature limits given in AIEE 
d No.l. No data on the effect 


ging at Class B temperature levels 


been made available as yet and 
ild hesitate to make such a! 
gation because of the time re 
to obtain results. In our opinion 
ym sources that have already 
gated this use should be pro 
so that a relatively simple test 
be made to check the device 
mance 
Housing: 
In general the housings for elec 
ipparatus are decorative, func 
both. Those of a_ purely 
ve nature are not of concer 
engineers unless they happer 
a highly combustible ma- 
thereby introducing additional 
ard. The functional housing 
f y encloses live parts and is 
th the equipment to det: 
performance under both no. 
abnormal test conditions 


+ 


gs of thermosetting mate 


¢ generally beer recognized 
portable appliances and f: 

ring devices. Housings of 
astic materials have not bee 


or fixed wiring devices b 

their combustibility and the 
iow softening temperatures 

naterials. Thermoplastic 


ave beer accepted for p 
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aDle appliance housings wherever the 
softening of the housing materia 
. a) + 

would not result i: a hazard to the 
user. Where such materials were re 


lied upon to house live parts of port 


able appliances a series of tests was 
established t show that the neous 
ings (1) vould not softer wher 
placed on a Steam radiator o otne! 
heated surfaces, (2) would not be 
broken by a fall from table height, 


(3) would not ignite or permit emis 


‘ 


sion of flame or molten material ur 

der conditions of abnormal operation, 
and (4) would be self-extinguishing 
if ignited by an electrical failure. 
Some high acetyl! cellulose acetate ma 
terials have been found to meet these 
requirements 


Barrier Materials: 

Barriers are used in electrical equip 
ment to provide increased air spacing 
or to provide mechanical separation 
of wiring from opposite polarity live 
metal parts. The materials are get 
erally in the form of sheet or tubing 
and the requirements are somewhat 
less limiting than in the case of lt 
sulating material which serves as the 
sole support for live parts. For ex 
ample vulcanized fibre has long bee 


recognized as an acceptable barrie: 


material although it is not accepted 
for sole support of live parts on the 
basis of its combustibility and te! 
dency to be hygroscopic 

The use of cellulose acetate sheet 
for coil forms is a fairly recent de 
velopment and it has been the sub 
ject of discussior with users o1 a 


number of oceasions. The general tes 
limit for most cellulose acetates and 
similar materials is 65 C, but coi 
designs are generally determined by 


the 90 C ten perature limit for Class 


A insulatior so that co forms are 
required to show no adverse effect 
after operation with the coil at 100 
c. te © ncerease covering higt 


operating ambient conditions 


Mounting of Live Parts: 

The use of thermosetting materials 
such as the phenolics and ureas for 
the support of current-carrying parts 


ot electrica equipment goes back t 


the early years of the century. Ur 
fortunately the wide variations in pe 
formance of these materials are t 


well recorded expe ence Nas not ! 
dicated the need for more specif t 


quirements, but wher comparisons 
vith other materials are made a great 
deal de pends or the samples picked 
tor con parative purposes In gene 
these hermosetting materials are ‘ 

1 ely on-combustible the ry d 
ed tort the \ not softte vith 
creased temperatures and thé 

ot sotte \ I ncreaset em pe 

ires and ne \ not De id S 
affec ed by t pe tures f yf 
i she rt pe a [ é 

From ne 1 ev ng t ee d 
t! t the g class the DD < 
ti ateriais Ca De classes t 
phe c an ea ate Ss and the 


have not been considered as acce ptable 
for the mounting of current carrying 
parts. There are a number of special 
situations that should be mentioned 
n this connectior 

(1) Attachment Caps 
and other materials were accepted 
for caps as a World War II subst 
tute for phenolic composition and the 
practice has been continued becaus: 
there has been no adverse field ex 


Polystrene 


perience. Actually this is a specia 
application where impact resistance is 
of great importance as evidenced by 
the fact that rubber plug caps are 
“aiso recognized. 

(2) Fluorescent Lampholders: The 
tombstone type of lampholder was 
made of the acetates and other ma 
terials as a means of eliminating 
breakage in shipment during World 
War II. Field experience in the post 
war period both from the standpoint 
of lamp security and fire indicated 
that this use of thermoplastic ma 
terlals was not justified by the slight 
mechanical advantage and recogn 
tion was discontinued over a year ago 

(3) Polyamides, et There has 
been a limited use of nylon as a sup 
port for live parts based on its hig! 
heat resistance and self-extingulshing 
characteristics. Other materials ha 
ng special characteristics are being 
nvestigated for special applications 
as the occasion arises 

(4) Polyesters 
from thermosetting to the thern oplas 


‘ 


Polyesters range 


tle category. They can be made se! 
extinguishing although certain add 


tions employed for this purpose are 


not stable at 150 C for long periods 


It is likely that some new and lows 
temperature limit could be established 
for a material which is deficient 
this respect although the temperature 
level should take nto account hig! 
ambient conditions 


resting Procedure: 

The various applications of plastic 
naterials covered by the foregoing 
discussion involve testing of the fina 
part as used in the equipment, but 
as indicated it is often necessary t 
test new materials for their genera 
suitability in electrical applications 
There are a number of points 01 
vhich plastic material manufacture) 
and fabricators generally ask for ad 
ditional informatior 

Sample The preferred sample 
should — be a productior part tre 


stock. Small sized parts can be a 


sembied on rods, Wires, 01 other mec} 
anical means for flame tests Add 
nai tes Dars are isetu ind ne 
are eSsSsel led vhnere spec fn prod 
t partS are not avallable 
2. Electrical Insulat T Most ty] 
electrica sulating plastic 
te ils na adequate da ect 
strength f e purpose d simple 
qdielectric tests are easily ade 
( bustib \ Plastic ate 
ee I Tast bu ng t 
b, . gy t ey gvuish gy t 


aber j\ae 8 
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SPILT s/ ee. 


equipment 


bustible with the majority in the 
burning range. The size of the 
flame is an important factor and 
five nch Bunsen burner flame 
th a l'e inch blue cone has beer 
ed extensively for many years. A 
itor of considerable nterest is the 


ght of flaming above the point of 
lame application, a figure which has 
particular relationship to the time 
burning after flame removal. 


Wher nhibitors are used to makes 


i aterial self-extinguishing as in the 

e of chlorinated compounds, care 
hould be taken that the inhibitors 
ire not lost during norma service 


gration and volatility 
1. Mechanical Strength Field ex 


y rience is the best test of mech 
inical strength, but reports are not 
iften available and a test represent 


ng somewhat greater than normal 
damage conditions such as the drop 
test from table height, is often uss 
il. Comparable mechanical tests witl 
known materials are apt to be mis 
eading unless the materials have sin 
ar characteristics. 

» Analysis—The whol 
ince of a new plastic material for 


perforn 


1 given use must be determined by 
tests along lines indicated in the fore 
going. Then by comparison with sim 
lar tests on materials already rec 
gnized for the use an opinion is 

whed on the acceptability of the 
new material. There can be no out 
tanding weakness of the new ma 
terial without compensating advan 
tages where previously used materials 
ve proven to be deficient. For ex 
imple, outstanding dielectric strength 


does not balance greater combusti 
bility for most uses because dielectric 
strength is rarely a weak point ir 
the electrical plastic application. Sin 
larly a new material cannot be cor 
sidered acceptable if it is merely equal 
to existing materials at a number of 
veak points. The downward spiral of 
performance with such materials 
would lower requirements until many 
electrical devices would be operating 
ai a marginal level— a possibility that 

s not as remote as it may seem. This 
iewpoint is not always shared by 
the manufacturer who has located a 
new plastic with a favorable price 
situation, but few objections have 
been offered concerning the general 
soundness of this approach when dis 
cussed with plastics materials engi 
neers, 

6. Marking—The marking of plastic 
materials for ready identification in 
the field has been a problem. sinc 
the early use of the plastic materials 
n the electrical industry. The plastic 
materials manufacturer can rarely 
mark his product in any way that will 
be helpful to the product manufac 
turer. The molder or fabricator wants 
flexibility in his use of materials with 
the result that his markings even if 
provided are of doubtful value. The 
product manufacturer is unable to 
help in any way because he does not 
have the facts. 

Some applications have had partial 
success in time: 

1. Building wire is stamped witl 
the type designation. 

2. Thermoplastic tubing is stamped 
with a temperature designation. 





3 A manufacturer of sheet 
ting material although not a 
used colored threads in the su 
the material 

4. Anothe 
nsulating material used a 
surface pattern of his trade 


manufacture, 


5. Consideration is being 
identification by a sharp me 
which s claimed as a dis 
characteristic of the specific 
tion 

It is evident that a materia 
acceptable characteristics ina 
formulation could be recogni 
er generally for the use if ins 
as well as engineers could re 

readily by its appearance 
some other easily identifiabl 


acteristics, 


Conclusion: 


In completing this outline 
viewpoint of Underwriters’ | 
tories engineers toward plast 
terials and their use in ele 
equipment it should be point 
that there are many other side 
plastic picture beyond the scop 
this paper as for example the 
ards of storage and use and 
protection hazards of plastic wa 
ering materials. Without atte 
t» go beyond the electrical ap 
tion field it is hoped that thess 
on our viewpoint will help to 
your problems and provide some 
measure of recognition for the 
helpful discussions and sugg 
that we had from the membe 
your industry. 


Properties and Processing of Rigid Vinyls , 


By C. E. Parks 


R. EF’. Goodrich Chemical (Co. 
Rose Blda.. Cle veland ] , Ohio 


re 


Unplasticized polyvinyl is difficult to process but is greatly superio) 


in electrical and chemical resistance. 


is opening new fields. 
; 


Polyvinyl chloride resin has been 
known for more than thirty years and 
many of its outstanding properties 
vere recognized by research chemists 
However, it is a very tough and bony 
material and no one at that time was 
ible to process it for any useful pur 
pose About : 
through the work of Dr. Waldo Semon 
ind others, it was learned that certain 
igh boiling liquids would perma 
nently soften this polymer and make 


twenty years ago, 


t possible to process it on rubber 
This discovery has made 


possible the huge vinyl plastics in 


dustry which we have today 


Certain properties of polyviny 


hloride were lost when these plasti 


cizers were added. The acid, alkali, 


solvent, electrical, heat and light re 


l tu Sta 





C. E. Parks 


A new rigid vinyl, easier to process, 


sistant properties were infet 
the original polymer. Althoug! 
recognized that the multitude’ 
present day uses for vinyls w! 
quire soft pliable materials w 
impossible without plast-cizers 
other hand it may be possible 
just as many uses for the 1 
plasticized material when we a 
to process it properly. This 
tion suggests two separate 
tinct classifications and fields « 
cation. It is recognized that 
an intermediate ground whic! 
by the “low-plasticized” vinyl 
which tends to merge the t 
sions. One should not conf 
term “hard vinyls” as produ 
reducing the plasticizer conte 
“rigid vinyls” which are made 
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without 


ne resi! 
The “hard vinyls” still be- 
e plasticized classification 


entirel) 


their physical and chemical 


s are similar. They differ 


elation to the amount and 
K plasticizers used. On the 


1 
( 


the “rigid vinyls” retail 
lified properties of the pur 
oride which are superior! 
respect when articles of the 
hardness, toughness and 
re de sired. 
rt to capture these unique 
led to the development ot 
classification of vinyl plas- 
nsists of a large number of 
ich are made by copolyme) 
n\ chloride with small 
of various other monomers. 
nethod resins are produced 
n be processed without plas 
but the fundamental proper- 
ot normally equivalent to 
straight polyvinyl chloride. 
isual co-monomers also act as 
s which result in lower mole- 
eight resins and therefore re- 
heat distortion point, flex- 
ength, tensile strength, shock 
electrical resistance, as 


the chemical and _= solvent 


gh molecular weight poly 
resi has recently been de 
vhich can be processed with- 
isticizer on conventional plas 
lipment. Although it has been 
din commercial quantities and 
ed on production equipment, it 
vet available in large quanti- 
nder present emergency con 


PHYSICAL PROPERTIES OF WIRE INSULATION 


ditions, he new resin will be aval 
able only for the development of mi 


tary and other essentia applications. 


PROCESSING 


Unplasticized polyvinyl chloride has 
superior chemical and physical pro 
perties which should make it one of 
the outstanding rigid plastics. How 
ever, it is enjoying no more than 3° 


of the present market for thermo 


plastic materials. The potential uses 
for this unique polymer are so great 
that one ma wonder why the actua 
consumption is so small. The answer 


to that question is very simple—it is 
nearly impossible to process Most 
fabricators in this country are co 
vinced that it cannot be calendered, 
extruded or molded — satisfactorily 
without the addition of some plast 


cizer. 


It has been care fully pointed out in 
the introduction that the addition of 
enough plasticizer to help processing 
will definitely impair the physical pro 
perties. The effects of small additions 
of plasticizer begin to show up in 


lowered end-use properties before the) 


start to improve the processing co! 


ditions. 


In Germany straight unplasticized 
polyviny chloride sheets and tubes 
have been used for large scale indus 
trial fabrications. During World Wat 
Il this was considered an essential 
industry since many of its applica 
tions supplanted critical metals. How 
ever, the high quality resins produced 
in this country are generally cor 
sidered to be too dry and tough, ever 
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Plasticized 
Vinyl 
(Standard Rigid 
Insulation Wire Vinyl Insulation 


| roperties 


Insulation) (Geon 404) 


Properties 


at high temperatures, to be usable 
without plasticizer. The new resin re 
ferred to earlier promises to be satis 
factory for this purpose because it 
can be processed satisfactorily on con 
ventional equipment and still retan 
its excellent properties 

The word “processing” is greatly 
overworked in writings pertaining to 
thermoplastic materials. It is used to 
describe all of the various operations 
which are employed to change dr\ 
Although it 
is possible to process some rigid 


resin into a usable forn 


vinyls directly into usable forms by 
extrusion, molding or calendering, it 
is not recommended for most applica 
tions. It is generally more satisfactor) 
to do the initial work in the banbury 
or on a mill where the proper stabi 
lizers, lubricants, fillers and colors 
can be added. The mechanical working 
which is received here is more impo 

tant than it is 
stocks which flow and knit together 


n the soft plasticized 


much faster. After milling it is neces 
sary to cut the sheets into small pieces 
for further 
vinyls are so tough and horny that it 


processing, but rigid 


is impractical to granulate after the 
stock is cold. Since the batch hardens 
very rapidly after removal from. the 
ill rolls, it s difficult to handl 
arge sheets and keep them hot enoug! 


for cutting. 

A larger tuber which will extrude 
the unplasticized powder into smal 
rods, and a chopper to cut them int: 
short length, promises to be the best 
method for making granules. It is 
usually necessary to pass the rods 
through a short water bath to chi 
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Plasticized 


Vinyl 
(Standard Rigid 
Wire Vinyl 


Insulation) (Geon 404) 





e Strength + s¢ n. 2000-3000 6500-8500 Insulation Resistance 
on o 200-300 15-25 megohms L000 ft 
<—Durometer 65-95A S?D @ 50 ¢ 1 32” wall 0-100 20 000-35 006 
Gravity l j 3-145 Dielectric Strength (v mil) 
p. Flex 2 hrs. “I a 25 in water 
round 0.5 mandrel) 64 i H0-900 1200-1300 
‘) ft) { 52 val HO0-S00 SO0-1LO00 
CK nr 120 ¢ OK Powe Facto (a L000) eveles 
Aging a 25°( 7-09 015-.02 
LOO ¢ Dielectr ( star a lou vole 
tion of Elongatior 70 in @ 25°( 0-3.2 
Resistance @ 50 ( Loss Factor @ 1000 cle 
O82 wall) O25 col 1s bb @ Zd ( = O45-.064 
Cutting resistance @ 70*¢ LOS 17.5 Power Factor @ 1000 cycle 
sion Strength @ 25 ¢ } 2500 S500 @ 50° ¢ he 12-0) 
ength) Dielectric Cons a (en vole 
or (1/32 Val a >t ( ‘ 2 j 
vt. o7 > Ss foot) Loss Facts (MM) evel. 
Ai oO +! Z a rf ( > O38. 05s 
Res stance 
\brader (60 D2R) 
weight loss 2; tis v < I 
olume loss 1s OHO ¢ , . ns 
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ne urtace to prevent them fron 


ticking together 
In the initial step, the most impor 
tant point is immediate fusion under 
heat and pressure whether it be in the 
banbury, on the mill, or in whatever 
quipment is used. This quality is 
generally good for soft resins but 
ery poor for the harder types. After 
fluxing, the batch should roll or flow 
enough over itself to produce thor 
ugh cohesion of particles which is 
ndicated by a smooth, glossy sheet 
vr banbury batch \ good rolling 
aank on the mill is an indication that 
the resin can be satisfactorily pro 
cessed in supplementary equipment 
This is particularly true in the ex 
truder and calender, but is not posi 
tive proof for injection molding. This 
method requires a type of flow which 
not easily attained by unplasticized 
nyls; the soft copolymers can be 
made to work by special compound 
ng but the harder copolymers and the 
straight vinyl chloride polymers are 
not satisfactory 
All vinyl compositions require care 
ful temperature control for proper 
processing This is especially true 
vhen the compound contains no plas 
ticizer. They require a relatively high 
temperature which must be accurately 
controlled between the softening point 
ind the decomposition temperature. 
There is no wide range of allowabl 
temperatures such as are permissable 
vith other resins such as polyethylene, 
polystyrene and nylon. This has been 
i serious handicap to many processors 
vho were unable or unwilling to meet 
the required conditions. The problem 
s further complicated by the fact that 
unplasticized stocks are subject to 
terrific frictional heat build up = on 
proce singe 
The temperature requirements for 
rigid vinyls depend on the type of 
polymers used. In general, the pro 
cessing temperature for an unplasti 
cized resin is only 20° to 30°F higher 
than for the same resin with 50 parts 
of plasticizer. One of the early mis 
takes in rigid vinyl processing was the 
belief that a very high temperature is 
required, This aggravated the problem 
of stabilization and caused excessive 
sticking to the mill rolls 


Chemical Property Uses 

Rigid polyvinyl chloride has out 
tanding chemical resistance which 
suggests uses in corrosive areas. Since 
the rigid sheets can be welded by the 
hot gas technique, it can be fabri 
cated into fume hoods and duct work 
vhere most metals are unsatisfactory 
ranks to hold corrosive chemicals can 
be made of it in the unsupported form 
or as a liner for metal tanks. In the 
deep drawn and welded forms, such 
things as pitchers, trays, funnels, 
buckets, barrels, ete. can also be made 
ind used in places where inert ma 


terial is required 


T) rey Kiroht 


Physical Property Uses 
The great strength, light weight 
and breakage resistance or rigid poly- 


vinyl chloride makes it suitable for 


instrument, typewriter and business 
machine cases, luggage, tote boxes, 
etc. The transparency and full range 
of beautiful colors make it desirable 
for structural and advertising pur- 
poses. Its ability to be drawn and 
molded to reveal the finest detail 
makes it suitable for topographical 
maps for military use. 

Electrical Property Uses 

The excellent electrical properties 
of rigid polyvinyl chloride suggest 
the following applications: 

(1) Weatherproof line’ wire’ in 
which its good deformation and abra 
sion resistance, good low temperature 
and high dielectric strength are em- 
ployed. 

(2) As a primary insulation elim 
inating the need for a jacket in those 
applications where, because of the in- 
herent deficiency of the primary in- 
sulation, a thin jacket (generally ny- 
lon) is applied as a second extrusion 
to impart abrasion and deformation 
resistance. Included in this category 
are military field wire and military 
aircraft wiring. 

(3) For primary insulations where 
very high electrical properties are re- 
quired, such as in television lead in 
wire, communication and signal wires 
which cannot be met by plasticized 
vinyls. 

(4) For other military applica 
tions such as radio hook-up wire to 
meet specification Mil-W-76-A and 
Spiral 4 wire which require excellent 
physical as well as electrical pro- 
perties. 

(5) For such uses which require 
compositions that do not contaminate 
the primary insulation, as coaxial 
cable jacket. 

(6) For those Navy cables of the 
reduced diameter types which require 
a non-exuding jacket at elevated 
temperatures. 

Undoubtedly, other uses in the wire 
and cable as well as other fields, will 
be developed as experience and knowl 
edge is gained about rigid polyviny! 
chloride. 


Conditioning Phenolics 
(Continued from page 15) 
G. M. Kline, A. R. Mark, W. A. 
Crouse, “Absorption of Water by 
Plastics,” Modern Plastics, Vol. 18, 
p. 119, Oct. 1940. 

1. J. Busch, “Performance of Wood 
Filled Phenolic Plastics at High 
Humidities,” Kunststoffe 33,265 
(1943) Abst. Mod. Plas. Oct., 1944, 
p 160. 

» H. Gerland, “The Behavior of 
Woeooa-Flour-Filled Phenolic Plas 
tics in Hot Humid Climates,” Sie 
mens-Z.23, 23-7 (1943) Abst. Mod. 
Plas. March, 1945, p. 165 





6. A. D. Sokolov, A. V. Kon, 
S. Zarubina “The Stability 
olic Plastics,” Plasticheski 
Sbornik Statei 1939, 141-5 

7. Mumford, Chem. News 107 
C. A. 7.2734 (1913). 


Section Ij 
— ection i. 


Buffalo Section met on Jar 
to see the movie and hear 
cussion on the Bell Rocket s 
Sterling Molders Ine. provided 
play and Hi Nathan gave a su 
of the Technical Conference N 
York. New Officers for the ye 
president, James V. Vevirit 
president, J. Clarke Cassid 
secretary, John E. Miner; tre 
kugene Roeck. 


“Electroplating of Plastics 
discussed by Jerome Weller 
Upper Midwest Section meeting 
January 8. Mr. Weller is in rg 
of research and development 
troplating at Brown & Bigel \ 
James E. Corbin’s “Plastics ir 
Tape Industry” proved most int 
ing at the previous meeting. Ne 
cers for the year are: president, | 
W. Felt; vice president, J. H. Kug 
secretary-treasurer, W. Mahle 


The Chicago Section met w 
S.P.I. at the Builders Club t 
Lewis B. Connelly, Tennessee 
man Corp., discuss “The Use of | 
to Combat Corrosion in_ th 
Country” at the January 10th meeting 


The Rochester Section met o1 
ary 15 to hear George W. Volck 
sen, Owens-Corning Fibreglas Cor 
discuss “Fibreglas with Po 


Resins.” 


On January 15th the Philade 
Section heard a discussion by A 
Hutchings and S. H. Greenwood 
the highlights of their current 
matic molding equipment. The 
gram was arranged by the 
Stokes Machine Co. 


The Rhode Island and Southe 
Massachusetts Section met on Ja 
10th to hear Mr. M. A. Nichols, 


> 


Products Co., discuss “Why Ber 


Copper ?” 
The Saint Louis Sect’on hear 
Stanley R. Melvin, Monsanto 
cal Company, Springfield, Mas 
cuss “Improvement of Thern 
Products by Post- Molding 
ments” at their January 23rd 
The Technical Committee pre 
Mr. Robert Klorer of Spauldir 
Company in a discussion of po 


ing of phenolic sheets. 


The first Toronto meeting 
New Year was on Tuesday, 
30th. It was held in the Walke: 
Hotel, 122 Front St. East, 7 


The speaker was Mr. Lewis | 
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. ELECTS FUKAL 


i | Fukal, industria designer, 
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NEW ORLEANS HAS 
JOINT MEETING 
By LEON GODCHAUxX II 
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MIAMI VALLEY ACTIVITY VARIED 


By JOHN L. RUSSELL 
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By E. PETER HERSEY 
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MORSE AT NEWARK 


Committees Are 
Appointed 
By JOHN GROESBECK 


The January dinner meeting of the 
Newark Chapter of the Society of 
Plastic Engineers was held on Janu 
ary 10th at the Military Park Hotel, 
Newark 
and guests were present to hear Mr. 
4. R. Morse, Sales Manager of the 


Approximately 70 members 


Injection Molders Supply Co., talk 
on “Production Aids For Injection 
Molders.” 

Ihe busines meeting preceding 
this very interesting talk was fea 
tured b the announcement by Presi 
dent Simmor of the following com 


ittee chairmen for 1951 

Publicity, John Groesbeck, Ameri 
can Hard Rubber Co.; Credentials, Ed 
Spitzig, Newark Die Company; Edu 
ional, Carl Frosch, Bell Telephone 
Labs.; Membership, Dick Leiter, Cela 


nese Corporation; House, Charles 
Sanders, Dillon-Beck Mfg. Co.; Pro- 
yram, Bill Willert, Hartig Engineer 
ing Co.; S.P.I Reporter, Anthony 
Naturale, Thomas Mfg. Company. 
Out of town guests welcomed were 


Stanley Bindman of Jamison Plastics; 
R. bk. Franklin of Franklin Engineer 


ne Co., Ann Arbor, Michigan: Saul 
Blitz of Noma Electric Co., and Bruno 
Wessinger who was co-chairman of 


for the annual Technical 
Conference held Jan. ISth to 20th at 
the Hotel Statler n N \\ York 


Table favors 


reyistratior 


were napkin clips don 





The ABC in Plastic Molds means 
AMERICA’S BEST 
CASTINGS— 
Fabricated exclusively by Manco 


in BERYLLIUM COPPER 


QUALITY is not an accident at 
MANCO! 
Prompt Delivery 
No increase in price 
Write for our new Brochure 
BERYLLIUM COPPER 
AT ITS BEST 


TRU-CAST BY MANCO 
MANCO PRODUCTS CO. 


2401-2409 SCHAEFER ROAD 
MELVINDALE — MICHIGAN 














ated by Bestway Products. Door prizes 
were donated by the Dow Chemical 
John Wittek 


Company and won by 


and Ed Rowan. 

Mr. Morse opened his talk by a 
brief account of his personal experi 
ences with molding machine manu- 
facturers and custom molders, which 
convinced him of the need of customer 
molders for properly-engineered ac- 
cessories which would tend to stabi- 
lize molding conditions over a long 
period of time. His talk was _ illus 
trated by slides which 
received by the audience. An all weld- 
ed heating cylinder which was con 
sidered a big improvement over the 


were well 


conventional type was discussed from 
the standpoint of increased production 
at a lower heat input, examples of 
reported — by 
molders present. 

\ mold temperature control unit 
Meridien Plastics to sell for 
ess than $1000.00 was discussed. It is 


which were custom 


built by 


evident that maintenance of the cor- 
rect mold temperature ‘for a particu 
lar application is receiving the con 
sideration 


t deserves by more custom 
molders 

\mong other items featured by Mr. 
Morse were injection machine nozzles 
incorporating principles of restricted 
yating, Various types of gate cutters, 
and a material transfer unit for high 
hopper machines. It was emphasized 
that the various products developed by 
Molders Supply Com- 

from received 
molders in 


the Injection 
pany resulted ideas 


from custom connection 
with problems experienced by them. 
Be that as it may, 
belief that the industry owes a real 
vote of thanks to Mr. Morse for the 
outstanding job of service he is doing. 

The February meeting of the New- 
ark Section was held on February 
14th. In addition to the speaker an- 
month, Mr. Carl N. 
Gardiner, Office of Quartermaster 
General, spoke on “Military Applica 
tions of Plastics.” 

The March meeting of the Newark 
Section will be held on March 14th. 
The speaker will be Mr. Willard De 
Camp Crater, Naugatuck 
Company, who will talk on “The Pro 
perties and Uses of Marvinol, Kralas- 
tic and Enrup.” 


whe 


it is this reporter's 


iounced = last 


Chemical 
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By PAUL ROCHE 


organization of a new company, P 


plastics molds. 
known in local plastic circles f 
capable tool work, having beer 
ciated formerly with Anson Tox 
Gages as well as Perry Plastic 


Shop is 1946 E 


H yvrodel duplicator to the 


s expanding into 


By the time this 


joined the common people in Eric 
this writing he is basking wit} 
well-heeled tycoons in Florida 


Molderscope 


thermoplastics. 
infra-red light just won't do it 
of the acetate appearing on tl 
ket today is so impregnated wit 


in one of the top quality 


don is required, but the D& W 
a good account of itse!f in most 
\s a preheater, the hopper heat 
given marked improvement in t! 
formance of certain machines 


Stanford H. 
appointed Sales Manager of S! 
sulator Company, and Mr. Geor 
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